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Preface

The New York State Task Force on Life and the Law was created by executive
order in 1985 and charged with recommending policy on a host of issues raised by
medical advances, including the determination of death, the withholding and withdrawal
of life-sustaining treatment, organ transplantation, and assisted reproductive technologies.
For each issue that the Task Force addresses, it recommends policy for New York State in
the form of legislation, regulation, public education, or other measures. Seven of the
Task Force’s recommendations for legislation or regulation have been enacted in New
York State.

This latest report is the result of a comprehensive study of clinical genetic testing
and screening. The project leading to this report was undertaken at a time when startling
new research and technological developments from the Human Genome Project, an
international research project initiated in 1990, were just beginning to usher in a new age
of genomic medicine. A national focus on the promises and risks of human genetics
research for health care and the special programmatic attention by the U.S. Human
Genome Project to the ethical, legal, and social implications of clinical genetic testing
prompted the Task Force to examine these issues.

In the fall of 1993, the Task Force established a special committee on genetic
testing and screening. The special committee worked with a group of experts in human
genetics who served as consultants to the Task Force and identified issues in need of
further consideration. The Task Force also held a two-day conference in which invited
experts in diverse issues in genetic testing and screening introduced the full Task Force to
the subject. In October 1994, the Task Force held an additional meeting on issues
concerning genetic testing. In the fall of 1997, with generous funding from the National
Human Genome Research Institute’s Ethical, Legal, and Social Implications (ELSI)
Program and the Greenwall Foundation, the Task Force turned its full attention to
addressing the ethical, legal, and policy questions posed by advances in human genetics
research, with a focus on the predictive uses of genetic testing. The Task Force’s
deliberations on these questions extended from the fall of 1997 to the summer of 2000.

The Task Force began this project by assessing the federal and state policy and
legislative landscapes, with special attention to 1996 New York State legislation that
addressed some concerns associated with clinical predictive genetic testing. In the first
year of the project, the Task Force invited experts to its monthly meetings to make formal
presentations on a wide range of issues. These issues included the current state of clinical
genetics practice, the benefits and risks of state newborn screening programs,
confidentiality of genetic testing information, informed consent for predictive genetic
testing, oversight and quality assurance of clinical genetic testing laboratories, genetics
research using samples obtained in the clinical context, and the benefits and risks of
genetics research for members of different ethnic and racial groups.



The Task Force also performed research to assess the scientific and medical
developments prompted by the Human Genome Project and the issues that these
developments raise in the clinical care arena. As part of this research, the Task Force
requested the input of practicing New York State clinical geneticists on several issues,
such as New York State oversight of genetic testing laboratories and the role of genetic
counselors, nurses, and primary care physicians in clinical genetics practice. The Task
Force canvassed clinical genetic testing laboratories that are licensed by the New York
State Department of Health and requested samples of their educational materials, official
policy statements, and informed consent documents; the Task Force also solicited
comments from these laboratories about the perceived value, strengths, and weaknesses
of New York’s laboratory oversight program. To assess third-party payer coverage of
predictive genetic testing and genetic counseling services, the Task Force staff performed
telephone interviews with the major health insurers in New York State. The Task Force
convened meetings with groups of clinical and public health genetics professionals,
including genetic counselors, and with representatives of the New York State Insurance
Department. Task Force staff also attended national and local meetings of genetics
professionals and advocacy groups.

The participation of clinical genetics professionals and other experts was critical
to the deliberations of the Task Force. For their formal presentations to the group, we
thank Ellen W. Clayton, M.D, J.D.; Jessica Davis, M.D.; Norman Fost, M.D.; Gail
Geller, Sc.D.; Janlori Goldman, J.D.; James Hodge, Jr., J.D.; Neil Holtzman, M.D.; Eric
Juengst, Ph.D.; Muin Khoury, M.D., Ph.D.; David Korn, M.D.; Robert Murray, Jr., M.D.;
Thomas Murray, Ph.D.; Martin Natowicz, M.D., Ph.D.; Harry Ostrer, M.D.; Kenneth
Pass, Ph.D.; Patricia Roche, J.D.; Karen Rothenberg, J.D.; Katherine Schneider, M.S.;
Yvonne Thornton, M.D.; Ann Willey, Ph.D., J.D.; Lois Wingerson; and Randi Zinberg,
M.S. For their participation in Task Force meetings or invited panels of clinical and
public health genetics professionals, and/or for their review of draft portions of this
report, we thank, in addition to some of those listed above, Alan Bombard, M.D.; Karen
Brown, M.S.; Michele Caggana, Sc.D.; George Cunningham, M.D., M.P.H.; Luba
Djurdjinovic, M.S.; Karen Greendale, M.S.; Katharine Harris, M.S.; Nanette Healy; Kurt
Hirschhorn, M.D.; John Jacobi, J.D.; Elinor Langfelder, M.S.; Deborah Lochner Doyle,
M.S.; Margaret McGovern, M.D., Ph.D; Susan Panney, M.D.; Elsa Reich, M.S.; Peter
Rowley, M.D.; and Lawrence Sturman, Ph.D. We also extend our gratitude to others, too
numerous to list, who generously offered guidance throughout the project.

Finally, we are grateful to the National Human Genome Research Institute (Grant
No. 5 R01 HGO1555) and the Greenwall Foundation for their generous financial support,
without which this report could not have been completed.



Executive Summary

Genes and Chromosomes

Genes are the blueprints of heredity. Genes are made of hundreds to thousands of
DNA bases.

Each gene directs cells to produce one or more specific proteins, including enzymes
and structural proteins.

The human genome is the complete set of genes that every person inherits from his or
her parents. It is present in virtually every cell of the body.

The human genome consists of tens of thousands of pairs of genes. Each person
inherits one copy of each gene from each parent.

Genes are organized along string-like structures called chromosomes. Each
individual inherits two sets of twenty-three chromosomes, one from each parent: two
sets of twenty-two autosomes and one set of sex chromosomes (X, X or X, Y).

Genetic Variations, Mutations, and Human Disease

The DNA base sequence of human genes is about 99.9 percent identical among
individuals. About 1 of every 1,000 DNA bases varies among individuals, accounting
for inherited differences in traits and disease susceptibility.

Changes in a DNA base sequence, called mutations, account for inherited gene
variations. Mutations may be harmful if they prevent a gene from making a normal
copy of its specific protein. These mutations can cause, or increase susceptibility to,
specific diseases.

Single-gene diseases are relatively rare diseases that result when a person inherits one
gene with a harmful mutation or a pair of genes in which each has a harmful mutation.
Inheritance of these mutated genes generally results in a 100 percent chance of
developing a specific disease. Single-gene diseases include autosomal dominant
diseases (e.g., Huntington disease), autosomal recessive diseases (e.g., sickle cell
disease), and X-linked diseases (e.g., Duchenne muscular dystrophy).

Most diseases result from a complex set of both genetic and environmental causes.
Inheritance of some harmful gene mutations increases the chance, although it does not
ensure, that a person will develop a specific disease. These mutations are called
inherited susceptibility mutations.



The Human Genome Project and Health Care

e The Human Genome Project, an international research project, has now deciphered
the more than three billion DNA letters of the human genome. Follow-up research is
expected to discover the structure and function of thousands of new genes.

e Genetics research will lead to the development of new predictive and diagnostic
genetic tests. It also will lead to the development of new preventive and treatment
interventions. Generally, the development of interventions lags years, even decades,
behind gene discovery and genetic test development.

Genetic Testing

e Genetic testing for inherited genetic variants is performed for several purposes:
diagnosis of individuals with symptoms, determination of future disease risks in
asymptomatic individuals, determination of genetic risks for progeny, guidance of
medical treatment, research, and individual identification.

e Genetic testing for inherited genetic disease risks is an analysis of DNA,
chromosomes, or gene products to provide specific information about variations in the
number or form of genes or chromosomes in an individual or his or her progeny.

e Genetic information is information about specific variations in genes or chromosomes
learned by genetic testing or by other means.

e DNA-based testing directly analyzes the DNA base sequence of a gene.
e Phenotypic testing identifies specific inherited gene variations indirectly, by detecting
specific variations in the structure of a protein encoded by a gene or variations in a

protein’s enzyme activity.

e Karyotype analysis and fluorescent in situ hybridization analysis detect variation in
form or number of chromosomes.

e New testing technologies that will promote genetic testing in health care include DNA
chip technology and tandem mass spectrometry.

Assessing the Accuracy and Usefulness of Genetic Tests

e Analytical validity of a genetic laboratory test is a measure of how well the test
detects what it is designed to detect. It encompasses analytical sensitivity (the



probability that the test will detect a gene variant it is designed to detect when present
in a sample) and analytical specificity (the probability that that the test will be
negative when a specific variant tested for is not present in a sample).

e Clinical validity measures the extent to which an analytically valid test result can
diagnose a disease or predict future disease. For predictive genetic tests, it includes
positive predictive value (the ability to predict that an individual will develop a
disease) and negative predictive value (the ability to predict that an individual will not
develop a disease).

e For DNA-based testing, clinical validity is limited by genetic heterogeneity and
incomplete penetrance. Genetic heterogeneity means that different mutations in a
specific gene, or mutations in different genes, are associated with the same disease.
Incomplete penetrance means that within a population, not everyone who tests
positive for a specific gene mutation will develop the associated disorder.

e Utility of a test is a measure of how useful test results are to the person tested.
Clinical utility is a measure of how a test may guide clinical decisions. In some
circumstances, predictive genetic testing may not provide medical preventive or
treatment options but may help reduce anxiety and/or aid planning for the future.

Predictive Genetic Testing to Assess Reproductive Risks

e Reproductive genetic tests detect heritable genetic variations that are associated with
disease. This type of testing includes carrier testing, prenatal testing of fetal cells, and
pre-implantation testing of embryos formed by in vitro fertilization.

e Reproductive genetic tests generally are offered to individuals and couples who are at
increased genetic risk for a specific disorder based on family history or membership in
a racial or ethnic group that has identified genetic variants that increase risk for a
specific disease.

e Carrier testing generally is performed to determine the risk of a healthy individual or
couple of having a child with a recessive disorder. It may be performed before or
after conception.

o Prenatal testing of fetal cells includes amniocentesis and chorionic villus sampling.
e Pre-implantation testing of embryos formed by in vitro fertilization is performed using single

cells removed from individual embryos to detect specific gene mutations or chromosomal
anomalies.



Predictive Genetic Testing to Assess Future Disease Risks in Healthy
Adults

e Presymptomatic genetic testing is predictive testing of apparently healthy adults to determine
whether they are at risk for a single-gene disorder. These disorders occur with virtually 100
percent incidence in persons who have inherited a specific gene mutation.

e Susceptibility (predispositional) testing is predictive genetic testing of apparently
healthy adults to determine whether they are at increased risk, relative to the general
population, for a specific future disease. A positive test result (finding a mutation)
does not necessarily mean that a person will develop a future disease.

e For susceptibility testing, establishing a test’s clinical predictive value may require
years of research.

e Pharmacogenetic testing is genetic testing of individuals to guide their pharmaceutical
or other medical treatment. Pharmacogenetic testing seeks to promote a favorable
response and to prevent an adverse response to a drug or other treatment based on
genetic predisposition.

Misunderstandings of and Misperceptions about Genetics

e Throughout human history, people have understood that physical and behavioral traits
have a genetic component. Proponents of a centuries-long debate, referred to as the
“nature-nurture” debate, have disagreed about the relative contribution of genetic and
environmental factors to human behavioral and cognitive (intelligence) traits.

e Scientific evidence, including evidence from molecular genetics research, shows that
genes may influence complex behavioral and cognitive traits and mental illness.
Generally, however, behavioral and cognitive traits and mental illnesses result from a
complex and cumulative interplay of many genetic and environmental factors.

e Many commentators express concern that the general public and the popular press
overemphasize the role of genetic inheritance for health as well as for the
development of behavioral and cognitive characteristics, taking an overly
deterministic view of genetics. These views may lead people to overestimate the
meaning of genetic testing and to misconstrue genetic test results.

e Throughout the past century, some countries, including the United States, have
promoted and/or endorsed eugenic policies that aim to promote the births of certain
types of individuals and to discourage births of other types of individuals.



In the first half of the twentieth century, eugenic attitudes contributed to the passage
of federal legislation to limit immigration of people into the United States based on
country of origin. Eugenic attitudes also were a cause of federal and state court
decisions and state legislation that prevented or discouraged marriages of people from
different racial groups and promoted involuntary sterilization of individuals who were
deemed “unfit.”  Included among the “unfit” were the mentally ill, the
“feebleminded,” and habitual criminals.

“Genetic exceptionalism” is the belief that medical genetics is sufficiently different
from other areas of medicine to warrant special protections. Commentators disagree
on whether genetic testing should be treated differently from other forms of medical
testing.

Genetic testing shares characteristics with other forms of medical testing. However,
some forms of predictive genetic testing, notably DNA-based testing of inherited
genetic variants, differ from other medical testing in important ways. For example,
predictive DNA-based genetic testing has exceptionally long-range predictive powers;
it can predict disease, or increased risk for disease, in the absence of clinical signs or
symptoms; it reveals the sharing of genetic variants within families at precise and
calculable rates; and, at least theoretically, it has the potential to generate a unique
identifier profile for individuals.

Genetic Screening for Adult Health and Reproductive Risks

Genetic screening differs from genetic testing in that it targets populations rather than
at-risk individuals. Genetic screening generally is performed to detect future disease
risks in individuals or their progeny for which established preventive interventions
exist. Examples of genetic screening include newborn screening for phenylketonuria,
carrier screening for sickle cell disease, and prenatal screening of fetal cells to detect
chromosomal or other congenital abnormalities.

Although predictive genetic screening to detect future disease risks in adults has not
yet been offered, commentators predict that predictive genetic screening for
hemochromatosis and other adult-onset diseases will be offered in the next decade.

Some commentators express concern that if screening tests become routine practice,
individuals may be pressured to undergo testing that they would not choose to
undergo in a different context. Commentators also express concern about possible
discrimination and/or stigmatization against individuals and groups who are the
subjects of genetic screening because of their racial, ethnic, or geographic origin.

Commentators maintain that a number of factors should be evaluated in determining
whether a particular screening test should be implemented, including the purpose of
the screening test, the test’s analytical validity, clinical validity, and clinical utility,
and the cost of the screening test.



Multiplex genetic testing is genetic testing for two or more completely different
conditions in a single testing session. Some commentators oppose multiplex genetic
testing if it is performed only because it is technologically possible. Other
commentators maintain that multiplex genetic testing is generally inappropriate unless
the tests provide clear and useful options to the persons being tested. A key issue for
both reproductive and late-onset multiplex testing is how to bundle tests together to
allow for appropriate pretest education, counseling, and consent.

Conclusions and Recommendations of the Task Force
Purpose of Predictive Genetic Screening

The purpose of predictive genetic screening should be to benefit the individual or
couple tested. Screening tests offered to healthy individuals who do not perceive
themselves or their offspring to be at increased risk for disease based on family and/or
personal history should provide clear medical benefits or expanded reproductive
options.

Predictive Value of Screening Tests

Predictive genetic screening tests should have a sufficient level of confirmed
predictive value in healthy populations to justify their use for individuals who are not
known to be at increased disease risk.

How to Offer Predictive Genetic Screening Tests

Predictive genetic screening tests should be voluntary and should be offered only
when accompanied by adequate education, counseling, informed consent, test follow-
up, and efforts to ensure confidentiality.

Special Concerns about Offering Genetic Screening to Determine Risks for Late-
Onset Disorders

Genetic screening tests to determine future risk for late-onset disorders should have
confirmed clinical utility, and screening should be offered on an age-appropriate basis
to ensure maximum medical benefit and minimal risks.

Special Concerns about Offering Genetic Screening to Determine Reproductive
Risks



e Genetic screening tests to predict reproductive risks should provide individuals and
couples with useful options. Providers should make clear that despite the routine
offering of tests, some individuals may wish to decline if they think that the test will
not be useful to them. Providers should offer screening tests in a timely manner to
maximize the reproductive options of tested individuals.

Federal and State Governments Should Not Require Genetic Screening by Law

e It is generally inappropriate for federal or state governments to mandate population
genetic screening. New York State should repeal legislation that mandates sickle cell
carrier screening for some couples seeking a marriage license.

Role of Study Panels and Professional Guidelines

e Study panels that include national experts, community representatives, and others, as
well as professional medical societies such as the American College of Obstetricians
and Gynecologists and the American College of Medical Genetics, should determine
the appropriateness of offering specific genetic screening tests based on the test’s
validity and utility. For reproductive screening tests, for which follow-up options
may include decisions about pregnancy termination, professional guidelines should
consider the seriousness of the disorder tested for, its penetrance, its age of onset, and
the variability of disease symptoms.

Genetic Screening of Minors

e Generally, minors should not be offered genetic screening tests to determine future
health or reproductive risks, unless screening provides a clear and timely medical
benefit and has minimal psychosocial risks.

Multiplex Genetic Testing Panels

e Genetic tests that provide information about future risks for unrelated disorders
should be included in multiplex testing panels only when they meet all criteria for
genetic screening tests. Tests should be grouped based on similar issues and
implications to allow for adequate counseling and consent. For tests to determine
risks for late-onset diseases, tests placed in multiplex panels should provide a
demonstrated, significant medical benefit and should be offered on an age-appropriate
basis. For reproductive carrier testing, tests placed on a multiplex panel should be for
diseases of similar seriousness.

Newborn Screening

o Newborn screening is the most widely performed type of genetic testing in the United States
today. Newborn screening programs exist in all fifty states, the District of Columbia, Puerto
Rico, and the Virgin Islands. The goal of newborn screening is to detect infants affected by



conditions for which prompt application of confirmed interventions can prevent or reduce
disease, disability, and/or death.

As a result of the Human Genome Project, the discovery of the genetic variations that
underlie inherited disorders and the technology to detect them are expanding rapidly. These
developments will present state screening programs with new testing methods and expanded
lists of disorders for which testing is possible.

Most states, including New York, have added tests to their newborn screening panels without
formal criteria or processes to guide them. Many commentators recommend that newborn
screening programs form advisory committees composed of medical and laboratory
professionals and community participants to establish criteria for screening tests and to
review screening test panels and program outcomes.

Most states, including New York, mandate newborn screening and do not require
parental consent. New York and other states exempt from newborn screening
children whose parents have religious objections to it. Commentators disagree over
whether parental consent to newborn screening should be required.

Some benefits of newborn screening are reduced morbidity and mortality of children
and cost savings to society through early prevention and treatment of childhood
disease. Some of the risks of newborn screening include parental anxiety about false
positive results; harm that can be caused to the parent-child relationship by parental
misperceptions about the meaning of a child’s carrier status; and the possibility that
children will be subjected to needless, and potentially risky, medical interventions or
monitoring.

Most newborn screening programs, including New York’s program, store residual
newborn blood samples (bloodspots) and use them for research. Some commentators
maintain that it is appropriate to use residual screening samples for research if the
samples are anonymized. Others contend that ethical concerns about the use of
residual newborn blood samples may be greater than for other tissue samples obtained
in the clinical context because the collection of newborn screening samples is
mandated by law. Commentators also have discussed the appropriate research uses of
identified and coded newborn samples and whether parental consent for and/or
notification about the research use of residual newborn screening samples should be
required.

Conclusions and Recommendations of the Task Force



Basic Requirements for Newborn Screening Tests

New York’s Newborn Screening Program panel should be restricted to tests that
detect congenital disorders characterized by serious and irreparable harm that can be
avoided or minimized only by prompt application of confirmed medical interventions.
The analytical and clinical validity of the screening tests also must be confirmed.

Statutory Authorization for New York’s Newborn Screening Program

New York Public Health Law § 2500-a should be amended to delete the names of
individual disorders screened for by the Newborn Screening Program. The law
should designate the Commissioner of Health to specify in regulations those
congenital disorders for which screening should be performed.

Informing Parents about Newborn Screening

The Commissioner of Health should promulgate regulations to require the Newborn
Screening Program to provide educational materials about screening to prenatal care
providers, as well as to hospitals and institutions of birth. Prenatal care providers
should be required to provide and be available to discuss these materials during the
course of prenatal visits. Program materials should be multilingual and at appropriate
reading levels for a general audience. They should explain the purpose of screening
and provide a description of the disorders screened for, their population incidence,
and the follow-up process for infants with a positive screen test result.

Mandatory Newborn Screening

New York’s Newborn Screening Program should be mandatory for all infants born
within the state, provided that several conditions are met: (1) all screening tests must
meet the criteria described above in the recommendation concerning the basic
requirements for newborn screening tests; (2) parents must be informed and receive
educational materials about the program, its goals, and the screening process; and (3)
the state must ensure that newborns identified as positive in screening tests are
promptly diagnosed and that identified newborns and their families have access to
follow-up medical care and counseling related to the disorder, regardless of their
ability to pay. New York Public Health Law § 2500-a should be amended to remove
the right of parents to assert religious objections to screening.

Follow-up Evaluation and Diagnosis of Screen-Positive Newborns

The Newborn Screening Program should ensure that follow-up testing and diagnostic
evaluation of newborns who test positive on a screening test is rapid and readily
accessible, to maximize treatment benefits for affected newborns and to minimize
potential anxiety associated with an initial false positive test result.



Follow-up Medical Care for Newborns of Confirmed Positive Newborns

New York State should ensure that newborns detected to have a congenital condition
by newborn screening receive necessary long-term medical and preventive care, into
and through adulthood, regardless of ability to pay. The Newborn Screening Program
should facilitate efforts to ensure that affected newborns identified by the program
obtain necessary and appropriate medical care. The program should assist treatment
centers in locating and treating children who are lost to follow-up.

Establishment of a Newborn Screening Advisory Committee

New York’s public health regulations should establish a newborn screening advisory
committee to act in an advisory capacity to the Commissioner of Health and the
Newborn Screening Program. The committee should include outside professional and
community representatives and should be independent from the screening program. It
should meet at least annually to consider new screening tests, solicit community
input, and evaluate program infrastructure, policies, and outcomes.

Review and Implementation of Newborn Screening Tests

A newborn screening advisory committee, and ad hoc specialty subcommittees
established by it, should review all tests currently on or under review for New York’s
screening panel, as well as potentially valuable new tests, and make recommendations
to the Commissioner. For tests for which a confirmed medical benefit has not been
sufficiently demonstrated, tests should be viewed as human subject research and
should require parental informed consent. These tests should be subject to review by
an institutional review board to determine the information that should be provided as
part of obtaining parental informed consent. All new screening tests should be
subject to periodic follow-up evaluation to determine test accuracy and effectiveness
of medical interventions.

Universal Performance of Newborn Screening

Newborn screening tests should be performed for all newborns, rather than targeted to
specific minority populations perceived to be at higher-than-average risk for a
particular disorder.

Financing of the Newborn Screening Program

A permanent, stable funding source is needed to enable the program to consider
additional tests, implement new tests as needed, consider changes in testing



technologies, improve processes and follow-up evaluation, and support the activities
of the advisory committee.

Research Use of Anonymized Newborn Bloodspots

The Newborn Screening Program, consistent with the recommendations in Chapter 7
concerning research use of samples obtained in the clinical context, should permit the
use of anonymized samples for research. The program should inform parents that
residual bloodspots may be anonymized and used for quality assurance activities or
research. Parents should be informed of the potential research value of the samples
and of the impossibility of linking research results to any individual newborn.

Research Use of Identified Newborn Bloodspots

Research use of identified newborn bloodspots should be permitted in accord with
recommendations in Chapter 7 concerning the research use of identified samples
obtained in the clinical context. In addition, investigators who seek to use identified
newborn blood samples for research should demonstrate why unidentified samples or
alternate sample sources would not suffice. The use of identified samples should
require recontact by the New York State Department of Health and informed consent
of parents for each research use. The New York State Department of Health should
not release samples that retain identifying data to researchers outside the department
except for rare circumstances in which the research is directly relevant to the health of
a specific newborn.

Research Use of Coded Newborn Bloodspots

Research use of coded newborn bloodspots should be permitted in accord with
recommendations in Chapter 7 concerning the research use of coded samples obtained in
the clinical context. The use of coded samples should require recontact by the New York
State Department of Health to obtain the consent of parents for the future research use of
the samples.

Policies for Storage of Newborn Bloodspots

The Newborn Screening Program should establish a formal policy for the storage of
residual identified and anonymized bloodspots. The policy should specify potential uses
for stored bloodspots and a maximum period of time for which samples may be
maintained with personal identifiers.

Notification of Parents of Newborn Carrier Status
When carrier status for a recessive genetic disease is determined as an incidental finding

of a newborn screening test, New York’s Newborn Screening Program should report that
finding to the authorized physician. Ideally, parents of carrier newborns should be



informed of that result and offered appropriate education, counseling, and testing by
appropriately trained and credentialed professionals.

Informed Consent

e Informed consent to a medical procedure is an agreement to allow a medical procedure to
go forward after having been advised of relevant facts necessary to make that agreement
an intelligent one. Relevant facts include the patient’s diagnosis, the nature and purpose
of the proposed procedure, and the risks and benefits of, and the alternatives to, the
procedure.

e Obtaining a patient’s informed consent to medical procedures is both a legal necessity
and a basic requirement of medical ethics, and most commentators maintain that the
requirement of informed consent applies to decisions about predictive genetic testing.
Some of the issues that commentators recommend that health care providers should
discuss with their patients as part of obtaining informed consent to predictive genetic
testing include: (1) the purpose of the test; (2) a description of the testing process; (3) the
accuracy of the genetic test and the meaning of its results; (4) the risks and benefits of,
and alternatives to, genetic testing; and (5) confidentiality issues.

e It is unclear whether New York’s general law on informed consent to medical procedures
covers predictive genetic testing. However, in 1996 and 1997, New York enacted laws
that require persons performing predictive genetic tests to obtain the
individual’s written informed consent prior to testing. The laws require the consent
form to contain some, but not all, of the information commentators have
recommended for informed consent to predictive genetic testing.

e Multiplex genetic testing is predictive genetic testing for more than one condition in a
single testing session. Some commentators argue that health care providers should
obtain full informed consent from patients for each test in a multiplex testing panel.
Others contend that a patient’s generic consent to all of the tests in the panel would be
sufficient if the consent process highlights broad concepts and common-denominator
issues for all of the tests.

e Commentators disagree about the proper method for obtaining informed consent to
predictive genetic tests for gene variants that have been identified as having multiple,
seemingly unrelated health effects (pleiotropic genetic tests). One contends that
health care providers have an obligation to disclose to patients the risks associated
with learning information about all of the conditions detected by the tests and must
provide counseling and other support services as required by testing protocols for
each individual condition. Another maintains that outside of the reproductive genetic
testing context and situations where there are ‘“special concerns” about the



psychological state of a patient to be tested, health care providers need only inform
their patients about the different clinical uses of the test and need not provide any
special counseling or support services.

Stored tissue samples, which today number at about 282 million in the United States,
are used by medical researchers as their principal source of human biological
materials. These tissues are most commonly collected during clinical medical
procedures, and many of the patients from whom they are collected are not informed
that their tissues will be stored and used for research.

In some circumstances, federal regulations governing research involving human
subjects require researchers to obtain a subject’s informed consent before performing
research on the subject’s identified or coded tissue samples removed in the clinical
context. These regulations do not require informed consent if the tissue samples have
been anonymized. New York’s statutes concerning research involving human
subjects specifically exempt tissues removed in the clinical context from the statutes’
coverage.

Although most commentators agree that researchers should obtain a subject’s
informed consent before performing research on the subject’s identified tissue sample,
commentators disagree about whether, or what type of, consent is necessary before
researchers may perform research on a subject’s coded or anonymized tissue samples.

Conclusions and Recommendations of the Task Force

Necessity of Informed Consent for Predictive Genetic Testing in the Clinical
Context

Predictive genetic testing should not be performed without the informed consent of
the subject of the test, except in the limited circumstances described below.

Power of the Commissioner of Health

Those sections of New York’s genetic testing statutes that list specific elements of
informed consent should be replaced with an authorization for the Commissioner of
Health to issue regulations on the process and content of informed consent to
predictive genetic testing.

Content of Informed Consent to Predictive Genetic Testing in the Clinical Context

Assuming that New York law is amended to authorize the Commissioner of Health to
regulate informed consent to predictive genetic testing, the Commissioner should
require the following information to be provided to the patient before obtaining the
patient’s consent (elements currently not required by New York law are italicized):



10.

11.

12.

13.

14.

15.

The purpose of the test
A general description of the testing process

A description of the diseases or conditions tested for, including their ranges of
severity

The risks and benefits of, and alternatives to, the predictive genetic test
Confidentiality issues, including confidentiality protections, the circumstances
under which results of tests may be disclosed without the patient’s consent, and
the names of persons and/or organizations to whom the patient has consented to
disclose the results

Protections against adverse uses of genetic information

The chances of false positive and false negative results

The meaning of both positive and negative results

The ability, or lack thereof, of the test to predict a disease’s severity and age of
onset

The possibility that no additional risk information will be obtained at the
completion of the test

Available medical surveillance, treatment, and/or reproductive options following
testing

A statement that, prior to providing informed consent to genetic testing and after
receiving the results, the individual may wish to obtain professional genetic
counseling

The risks of transmitting the relevant mutation to children and that the mutation
may be present in other blood relatives

A statement that no tests other than those authorized will be performed on the
biological sample and that the sample will be destroyed at the end of the testing
process, or not more than a specific period of time after the sample was taken,
unless the subject consents to a longer period of storage

That the test is voluntary



16. An offer to answer inquiries
17. The fees charged for the laboratory tests and pre- and posttest counseling
Sufficiency of Signed Informed Consent Form as Evidence of Informed Consent

Assuming that New York law is amended to authorize the Commissioner of Health to
regulate informed consent to predictive genetic testing, the Commissioner should
require that health care providers disclose the information described above in a
manner that will enable the patient to make a knowledgeable evaluation. A signed
informed consent form is not necessarily sufficient evidence that this goal has been
achieved.

Use of Decision Aids in the Informed Consent Process

Health care providers are encouraged to use decision aids, such as written materials,
videos, group discussions, and CD-ROMs, as part of the informed consent process to
predictive genetic testing. However, health care providers should not use decision
aids as a substitute for discussing predictive genetic testing issues with their patients.

Persons Required to Obtain Informed Consent

Assuming that New York law is amended to authorize the Commissioner of Health to
regulate informed consent to predictive genetic testing, the Commissioner should require that
the person who orders a predictive genetic test has the obligation to ensure that the subject’s
informed consent is obtained.

Responsibility of Testing Laboratories

The New York State Department of Health should permit clinical laboratories to
perform predictive genetic tests on biological samples only if the laboratories receive
assurances that the subjects provided informed consent for the tests.

Professional Guidelines on the Process and Content of Informed Consent for
Predictive Genetic Tests

Professional organizations should issue guidelines on the process and content of
informed consent for specific predictive genetic tests and should create model consent
forms that are consistent with existing law and contain the information necessary for
patients to make informed decisions about undergoing predictive genetic testing.



Health Care Providers Qualified to Order Predictive Genetic Tests

Health care providers should order predictive genetic tests only when (1) they know
the circumstances under which it is appropriate to order them and the meaning of their
results, (2) they are capable of providing their patients with sufficient information to
make informed decisions about undergoing the tests, and (3) they are able to provide
their patients with comprehensive pre- and posttest counseling or can refer their
patients to professionals who are able to do so.

Informed Consent to Multiplex Genetic Testing

Ideally, a patient’s full informed consent should be obtained to each test on a
multiplex panel prior to testing. However, assuming that New York law is amended
to authorize the Commissioner of Health to regulate informed consent to predictive
genetic testing, generic consent to multiplex testing should be permitted if (1) the
number of tests on the panel is so high or the information about the tests is so
complicated that attempting to obtain full informed consent from the patient to each
test would be confusing or otherwise burdensome to the patient; (2) the tests on the
panel meet all of the criteria described in Chapter 5 for inclusion in a multiplex panel;
(3) the patients are informed, prior to testing, that more detailed information about
each test is available; and (4) the patients are given an opportunity to obtain that
information prior to testing either from the health care provider offering the multiplex
panel or from another health care professional.

Special Issues Related to Pleiotropic Information

Before offering a predictive genetic test to a patient, providers should give the patient
all information necessary for the patient to provide informed consent to the intended
use of the test, that is, information relevant to any condition about which the patient
intends to receive test results. If the test also may reveal confirmed, clinically valid
information about conditions for which the patient has not sought testing, the provider
should inform the patient of this fact, specifying (1) the condition(s) about which the
test may reveal information; (2) the consequences of having this additional
information in his or her medical record; and (3) opportunities, including genetic
counseling, for the patient to obtain further information about aspects of the test
unrelated to its intended use. If the patient expresses an interest in learning how his
or her test results relate to conditions for which testing was not originally sought, the
provider should ensure that the patient provides informed consent to obtaining this
additional information. Providers should respect patients’ right not to learn
pleiotropic information revealed by genetic tests.



Court Orders for Predictive Genetic Testing

New York law should be amended to permit courts to order predictive genetic testing
without the subject’s consent only when (1) absent the testing, there would be a clear and
imminent danger to the public health; (2) such testing is authorized by federal and/or
New York State statutes or regulations; or (3) in a civil or criminal litigation, the subject
affirmatively places his or her physical or mental condition at issue and the genetic
testing directly relates to that physical or mental condition.

Remedies for the Performance of Genetic Testing without Informed Consent

New York law should be amended to expressly authorize private lawsuits by subjects of
unconsented-to predictive genetic tests against persons who order and/or perform the
tests.

New York law should be amended to authorize the Attorney General to bring lawsuits on
behalf of individuals who have undergone predictive genetic testing without informed
consent.

Persons and organizations licensed by New York State should be subject to professional
discipline and/or other sanctions, including fines and license suspension and revocation,
for performing or ordering predictive genetic testing without informed consent.

Research on Tissue Samples Obtained in the Clinical Setting

New York’s law on the protection of human research subjects should be amended to cover
research on tissue samples obtained in the clinical context. The amendment should apply
only to tissue obtained after the amendment’s effective date.

Research on identified tissue samples obtained in the clinical context should be permitted
only after the subjects have provided full informed consent to the research and an
institutional review board has reviewed and approved the research protocol.

Research on anonymized tissue samples obtained in the clinical context should be
permitted only after an institutional review board has reviewed and approved the
research protocol. The institutional review board review should ensure that the
samples are or will be truly anonymized and should determine whether the research is
of such a sensitive nature that it is inappropriate to use anonymized samples without
having obtained the subjects’ specific consent to the research.

Research on coded tissue samples obtained in the clinical context should be permitted
only if (1) the patients have agreed to the storage and research use of their coded
samples; (2) the patients have been told about the operation, tissue release policies, and
confidentiality protections of the tissue repository; and (3) an institutional review board
has reviewed and approved the protocols for the research. The institutional review board
review should ensure that the samples are or will be truly coded and should determine



whether the research is of such a sensitive nature that it is inappropriate to use coded
samples without having obtained the subjects’ specific consent to the research. The
coding of the samples should be performed by a person who is not connected to the
research and who will not learn the individual results of the testing.

e Patients should be informed that their decision about whether to consent to the
research use of their coded and/or identified tissue samples is wholly voluntary and
that their decision will not affect their access to, or quality of, care.

e [nstitutions should encourage clinicians to ask patients to consider authorizing the use
of their tissue for research purposes, and clinicians should do so when they deem it
appropriate.

Predictive Genetic Testing of Children

e When susceptibility to a genetic disorder is discovered within a family, parents may
seek predictive genetic testing of their children to obtain a medical benefit for the
child, to reduce the child’s future disease risk, and/or to make life planning decisions.
Adolescents also may initiate requests for predictive genetic testing to determine
future disease or reproductive risks.

e Parents generally have the legal authority to control their children’s medical care, and
children may generally not obtain medical care without their parents’ consent.

e Benefits of testing children for late-onset disorders can include parental recognition of
the need for clinical surveillance and/or preventive measures available for their
asymptomatic children and enhanced parental ability to make life planning decisions
for their children. Possible risks include the use of unconfirmed clinical interventions
on the children that may be unnecessary and/or harmful, discrimination against the
children, and psychological harms to the children and family.

e There are generally no benefits to genetic carrier testing of minors, except when
adolescents are contemplating marriage or having children in the near future. Risks
of such testing include stigmatization, discrimination, and parental misunderstanding
of the meaning of the test results.

e Most commentators contend that the primary determinant of whether a child should
undergo genetic testing is the best interests of the child. In the absence of a clear
medical benefit to the child, these commentators opine that avoidance of potential
testing-associated harms and the preservation of the minor’s future autonomy should
be the overriding considerations. Accordingly, these commentators maintain that



children generally should not undergo genetic testing for late-onset disorders in the
absence of a medical benefit and should not undergo genetic carrier testing for
recessive disorders.

Most commentators agree that health care providers play an important role in
assessing the benefits and risks of testing a child to the child and family.

Adoption

New York mandates that adoption agencies disclose to prospective adoptive parents
the “available” medical histories of the prospective adoptee and the child’s biological
parents. These histories must include all available information about diseases or
conditions believed to be hereditary. New York law does not require parties to an
adoption to exercise reasonable efforts to collect this information if it is not already
available.

Commentators stress that the best interests of the prospective adoptees should be the
guiding principle in determining whether they should undergo genetic testing. Some
commentators contend that prospective adoptees should undergo genetic testing only
in situations where it would be appropriate to test other children.

Conclusions and Recommendations of the Task Force

Predictive Genetic Testing to Determine Adult-Onset Disease and Reproductive
Risks

The best interests of the child, including respect for the child’s future autonomy,
should be the primary consideration in decisions about predictive genetic testing of
children. Predictive genetic testing of children is clearly appropriate when test results
will provide information relevant to current decisions about the child’s care, such as
decisions to institute prophylactic treatment. Where the benefits to the child are less
clear, however, predictive genetic testing should be approached with caution, given
that testing can also lead to significant harms.

Predictive Genetic Testing to Determine Risks for Pediatric-Onset Disease

When a healthy child is at risk for a pediatric-onset disorder, predictive genetic testing
to confirm or allay disease risks may be in the best interests of the child, even if
preventive or therapeutic interventions are not available.

The Role of Health Care Providers in Guiding Predictive Genetic Testing Decisions
Health care providers play a critical role in guiding decisions about predictive genetic

testing of children. When faced with a parent’s request for predictive genetic testing
of a healthy child or with a request initiated by a healthy adolescent, providers should



counsel the parents and the child, commensurate with the child’s maturity, and help
families balance potential benefits and risks of testing. When the balance of potential
risks and benefits is uncertain, providers should generally respect the decisions of
parents.

Conflicts between Parents and Adolescents

Ideally, predictive genetic testing of children will be performed with both the consent
of the parents and either the assent or consent of the child, depending on the child’s
maturity. The Task Force members hold differing views about cases where parents
and adolescents disagree about genetic testing decisions. Where the balance of
benefits and risks is uncertain, some members believe that providers should generally
defer to the wishes of the parent, even over the objection of a mature adolescent.
Others would defer to the adolescent’s decision in at least some cases, particularly
when an adolescent opposes testing.

Disclosure of Test Results to Minors

If a child or adolescent has provided assent or consent for predictive genetic testing,
he or she also should be informed of test results and their meaning, commensurate
with his or her maturity and with his or her desire to have this information.

Genetic Testing of Prospective Adoptees by Their Current Caregivers

Caregivers of prospective adoptive children should ensure that the children undergo
genetic testing when such testing is necessary for the children’s current health care.

Genetic Testing of Prospective Adoptees at the Request of Prospective Adoptive
Parents

Genetic testing should be performed on a prospective adoptee at the request of
prospective adoptive parents only when (1) the testing is medically indicated and can
reveal that a child is highly likely to develop extraordinary health care needs during
childhood, (2) the testing will help ensure that the child is placed with a family who is
capable of dealing with those needs, and (3) the prospective parents are otherwise
committed to adopting the child.

Collection and Disclosure of Prospective Adoptees’ Medical Histories
New York law should be amended to require that parties placing a child for adoption

make reasonable efforts to collect a complete medical and genetic history of the child
and provide it to the prospective adoptive parents. New York law also should be



amended to require the parties to make reasonable efforts to collect the medical and
genetic histories of the birth parents and close blood relatives of the prospective
adoptee and disclose them to the prospective adoptive parents. The parties should
collect and disclose this information in a manner that respects the privacy of the
persons from whom it is obtained and the subjects of the information. For example,
the medical and genetic histories of the prospective adoptees’ relatives should be
disclosed to prospective adoptive parents with all identifying information removed.

Confidentiality

e Numerous persons and organizations, including insurance companies and the
government, have access to individuals’ health and genetic information.

e Although legal protections for health and genetic information confidentiality exist on
both the federal and state levels, they are often limited in scope and do not provide
adequate safeguards.

e Some commentators maintain that genetic information is more sensitive than other health
information and should receive special confidentiality protections because it has been
used in the past to discriminate and perpetrate terrible horrors against those deemed to be
genetically unfit and because it reveals not only personal health information but also
information that has implications for one’s family. Other commentators contend that
genetic information and nongenetic health information should receive the same levels of
confidentiality protections because nongenetic health information can be just as sensitive
as genetic information and it is impractical to provide varying levels of protection to
different categories of health information.

e New York passed laws in 1996 and 1997 that provide greater confidentiality protections
for predictive genetic information than for other health information. However, the laws
do not protect the confidentiality of all genetic information, and they do not protect as
confidential the fact that an individual has used or inquired about genetic services. The
laws also do not provide individuals with legal remedies against those who violate the
laws’ provisions, do not appear to prohibit waiver of its confidentiality protections, and
do not make clear whether anonymous genetic testing is permissible.

e Commentators disagree about whether health care providers ever have the obligation
to disclose to a patient’s relatives, over the patient’s objection, the medical
ramifications to the relatives of the patient’s genetic information.  Some
commentators maintain that health care providers should not make such disclosures
over the patient’s objection and that health care providers should fulfill any
obligations they might have vis-a-vis the patient’s family by informing the patient of
these ramifications and, when appropriate, advising the patient to disclose the
information to the patient’s family. Other commentators contend that health care
providers should disclose the information directly to the patient’s family, over the
patient’s objection, if the patient refuses to do so and if doing so would avert serious
harm that is highly likely to occur absent such a disclosure.



Some commentators have recommended that, to encourage individuals to take genetic
tests and to prevent unconsented-to acquisition of genetic information by insurers,
employers, and others, patients should be permitted to take certain types of genetic
tests anonymously. Others believe that anonymous genetic testing is generally
inappropriate because it interferes with proper pretest and posttest genetic counseling.

Conclusions and Recommendations of the Task Force

Confidentiality Protections for Genetic Information and Other Medical
Information

All personal medical information, including genetic information, should receive a
uniform, high level of confidentiality protection. Absent new, comprehensive federal
legislation or regulation that provides such protection, New York should enact
comprehensive medical confidentiality legislation that does so.

Assuming that comprehensive medical confidentiality protections are not adopted,
New York’s genetic confidentiality statutes should be amended to protect the
confidentiality of all genetic information.

Confidentiality Protections for the Use of Genetic Services

Assuming that comprehensive medical confidentiality protections are not adopted,
New York’s genetic confidentiality statutes should be amended to protect the
confidentiality of the fact that an individual has obtained and/or inquired about
genetic testing and/or counseling. The statutes also should be amended to protect the
confidentiality of the content of the inquiries and/or counseling.

Scope of Consented-to Disclosure of Genetic Information by Persons Other Than
the Subject of the Information

Assuming that comprehensive medical confidentiality protections are not adopted,
New York’s genetic confidentiality statutes should be amended to limit the disclosure
of genetic information by persons other than the subject of the information to the
amount necessary in light of the reason for the disclosure. The statutes also should be
amended to limit such disclosures to those persons who have a need for the
information in light of the reason for the disclosures.



Permissible Third-Party Disclosures of Genetic Information without the Subject’s
Consent

Assuming that comprehensive medical confidentiality protections are not adopted, the
legislature should review and, if appropriate, amend the genetic confidentiality
statutes in light of the recommendations of the Special Committee on Medical
Information Confidentiality of the New York State Public Health Council about
legitimate disclosures of medical information without patient consent.

Waivers of Genetic Confidentiality Protections

Assuming that comprehensive medical confidentiality protections are not adopted,
New York’s genetic confidentiality statutes should be amended to render nonwaivable
all of the confidentiality rights they provide.

Disclosure of Genetic Information to Relatives

Health care providers should discuss with their patients the medical ramifications of
the patient’s genetic information for the patient’s relatives. Health care providers
should encourage their patients to disclose genetic information to relatives when the
disclosure is likely to help the relatives avert or treat disease or to make reproductive
decisions. Health care providers should not disclose their patient’s genetic
information to the patient’s relatives without the patient’s consent or a court order.
Courts should be authorized to permit health care providers to make such disclosures
only when (1) the patient refuses to disclose the information to an identified relative
despite attempts by the health care provider to convince him or her to do so; (2)
without disclosure, serious harm to the relative is highly likely to occur; (3) with
disclosure, the harm can be averted or its chances of occurring significantly
minimized; and (4) the harm that may result from failure to disclose outweighs the
harm that may result from the disclosure.

Court Orders for Disclosure of Genetic Information

Other than court orders for the disclosure of genetic information to a patient’s relatives, New
York law should be amended to permit court orders for the disclosure of genetic information
to third parties without the subject’s consent only when (1) absent the disclosure, there is or
would be a clear and imminent danger to the public health; (2) the third party is entitled to
the disclosure under federal and/or New York statutes or regulations; or (3) in a civil or
criminal litigation, the subject of the information affirmatively places his or her physical or
mental condition at issue and the genetic information to be disclosed directly relates to that
physical or mental condition.

Remedies for Unlawful Disclosure or Solicitation of Genetic Information

Assuming that comprehensive medical confidentiality protections are not adopted,
New York law should be amended to (1) expressly authorize private lawsuits by



victims of unlawful disclosures or solicitations of genetic information against persons
who make such disclosures or solicitations and (2) authorize the Attorney General to
bring lawsuits on behalf of individuals whose genetic information has been or will be
unlawfully disclosed or solicited. In addition, persons and organizations licensed by
New York State should be subject to professional discipline for unlawfully disclosing
or soliciting genetic information.

e Private and public institutions that deal with genetic information should create their
own internal sanctions against persons who unlawfully disclose or solicit genetic
information.

Anonymous Genetic Testing

e Although anonymous genetic testing has significant drawbacks, it should be an option
available to those who desire it. New York law should be amended to eliminate
potential barriers to anonymous genetic testing.

Insurance and Employment
Insurance

e Currently, insurers do not require applicants to take predictive genetic tests because the tests
are very expensive and reveal only a limited number of serious genetic abnormalities.
Commentators disagree about whether insurers use genetic information to make adverse
insurance decisions. Insurers maintain that they may wish to use genetic information for
insurance underwriting in the future.

e Some commentators argue that insurers should be prohibited from using genetic information
for insurance underwriting because otherwise individuals, who could potentially benefit from
genetic testing, may refrain from undergoing it and thereby endanger their health. Insurers
argue that prohibiting the use of genetic information in underwriting could lead to adverse
selection and would unfairly favor people who have genetic conditions or identifiable
predispositions.

e Some commentators contend that although most Americans appear to consider access to
health care a basic right, public attitudes concerning access to life, disability, and long-term
care insurance are less clear. These forms of insurance can be seen as means to protect
assets rather than as providing access to an important social good, such as medical care.
Therefore, according to these commentators, the justifications for prohibiting insurance
companies from underwriting using genetic information for these forms of insurance may be
less compelling.



Federal law and the New York Insurance Law prohibit group health insurance plans
from making adverse insurance decisions against individuals based on their health
status, medical history, and genetic information or from treating genetic information
as a pre-existing condition. New York’s community rating, open enrollment, and
other insurance laws prohibit individual and small group health insurers from making
adverse insurance decisions based on genetic information or from treating genetic
information as a pre-existing condition.

Federal law and the New York Insurance Law do not prohibit life, disability, and
long-term care insurers from making adverse insurance decisions based on genetic
information. However, New York law requires the insurers’ decision to be actuarially
justified and requires insurers to notify individuals in writing if it charges a higher-
than-standard premium or denies an individual insurance based on genetic test results.
New York law also prohibits insurers from placing an individual’s genetic test results
into a nonconsenting relative’s records and from drawing, using, or communicating an
adverse inference about the relative’s genetic status based on these results.

Employment

Commentators disagree over whether employers make adverse employment decisions
based on genetic predispositions to disease. Most commentators agree, however, that
it is generally inappropriate for employers to fire, refuse to hire, or otherwise
discriminate against qualified individuals in the terms and conditions of employment
because they have a genetic predisposition to disease.

Although federal protections against adverse employment decisions based on genetic
predispositions to disease are limited, New York law generally prohibits such
decisions.

The Impact of the Americans with Disabilities Act

Because it is unlikely that genetic predispositions to disease are “disabilities” within
the meaning of the Americans with Disabilities Act, the Act’s protections against
adverse employment and insurance decisions based on such predispositions are
limited.

Conclusions and Recommendations of the Task Force
Health Insurance and Individual Medical Underwriting
Access to health care is a necessity for all Americans, and for most Americans, health
insurance provides such access. By limiting individual medical underwriting in

health insurance, New York’s community rating and open enrollment laws
appropriately seek to make access to medical care more equitable.



Current Protections against Adverse Insurance Decisions by Health Insurers
Based on Genetic Information

The combination of New York and federal laws currently protects New Yorkers from
adverse insurance decisions by health insurers based on genetic information.

Use of Genetic Test Results by Life, Disability, and Long-Term Care Insurers

New York insurance law should be amended to require a moratorium on requests for
genetic test results and the use of genetic test results in underwriting, by life,
disability, and long-term care insurers. Insurers should be permitted to use these
results for underwriting only when (1) the subjects of the tests voluntarily provide the
results to the insurer and (2) the insurers will use the results for the subjects’ benefit.

Use of Genetic Information by Employers

New York Law provides significant protections against adverse use of genetic
information by employers. As a result of these protections, it is not necessary to
consider further legislation in New York prohibiting the use of genetic information by
employers.

Public Health Role in Genetic Services

As opposed to clinical medical practice, which focuses on the health of individual
patients, public health focuses on disease prevention for whole populations. Public
health’s core functions include assessment (the systematic collection, assembly, analysis,
and dissemination of information about the health of a community), policy development,
and assurance of the safety and reliability of, and access to, health services.

Public health assessment activities in the genetic context include population surveillance
and molecular genetic epidemiology research. Policy development activities include the
translation of scientific and medical discoveries about genetics into guidelines,
regulations, and legislation to promote the public’s health. Assurance activities include
oversight by the federal government and New York State of genetic testing laboratories.

New York State has the most far-reaching requirements for genetic test approval and
laboratory oversight in the United States. New York State mandates genetic testing
laboratories to engage in quality assurance and to employ personnel that meet certain
standards. New York also reviews clinical genetic tests for their analytical and clinical
validity and requires all laboratories that are located in New York State or test specimens
from New York State to obtain a permit for the testing from the New York State
Department of Health.



Commentators have expressed concern about the oversight of predictive genetic
testing. They note the current limited degree of federal oversight, the rapid expansion
of genetic technologies and clinical genetic tests, and the complexity of genetic test
performance and interpretation. Concerns about New York’s program of oversight of
genetic testing laboratories include disincentives to out-of-state laboratories to
participate, timeliness of the program’s responses to genetic test approval requests,
difficulty locating information about laboratories with New York State permits, and
the program’s lack of clear criteria for assessing a predictive test’s clinical validity.

The federal and New York State governments, as well as some other states and
nongovernmental organizations, promote genetics education for the public and have
established and are continuing to establish genetics education programs. The federal
and New York State governments also have developed programs to help ensure
access to genetic services.

Conclusions and Recommendations of the Task Force
Oversight of Genetic Testing by Federal and State Government Agencies

Federal government agencies should strengthen their oversight of clinical laboratory
genetic tests, including tests provided as services, to ensure that tests have adequate
analytical and clinical validity. New York State should continue its oversight of
clinical genetic testing laboratories and should re-examine its criteria and processes
for test approval and laboratory oversight.

Approval Process for Genetic Tests

The New York State Department of Health’s Laboratory Reference System, and its
Clinical Testing Review Panel, should review proposed genetic tests expeditiously,
within a specified time period. Approval decisions for individual genetic tests should
be made on a case-by-case basis, based on analytical validity and clinical validity data
for the test’s intended use. The program also should require testing laboratories to
provide educational materials to providers ordering the test.

Establishment of Criteria for Genetic Test Approval

The New York State Department of Health should develop clear guidelines to
delineate the assessment criteria the Laboratory Reference System will use for
approval of genetic tests. The guidelines document should be open for public
comment by interested parties, including genetic testing laboratories and clinical
geneticists practicing in New York State, prior to adoption by the department.



State Oversight of Laboratory Quality Assurance

The New York Laboratory Reference System should continue to require that
permitted genetic testing laboratories meet specified certification, performance, and
personnel standards and participate in quality assurance programs.

Establishment of a Genetic Testing Advisory Committee

The New York State Department of Health should create a genetic testing advisory
committee, composed of departmental members and representatives of New York’s
clinical and diagnostic laboratory genetics community, to meet at least annually to
review New York’s Laboratory Reference System’s genetic test approvals, the
approval process, and outcomes. The committee also should serve as a sounding
board for the clinical genetics and genetic laboratory communities and aid the
department in its efforts to disseminate genetic testing information among health care
providers.

Categorization of Approved Genetic Tests

For genetic test approval, the New York Laboratory Reference System should move
from its current categories of test approval, “generally accepted” and
“investigational,” to a single category of approved tests in which test-specific
limitations or restrictions that are important to patients, providers, and/or payers are
noted. For example, approval should specify, when relevant, the need for ongoing
data collection to establish a test’s clinical validity for its intended application.

Provider Access to State Oversight Information

The New York State Department of Health should ensure that an up-to-date database
listing of New York State-approved genetic tests and the laboratories authorized to
perform them is readily accessible to health care providers in New York State.

Exemption from State Regulations for Laboratory Licensure

New York’s Public Health Law, which requires state licensure for all laboratories
performing tests on specimens obtained in New York, should be amended to permit
the New York State Department of Health to grant exemptions on a case-by-case
basis.



Ongoing Collection, Evaluation, and Dissemination of Clinical Data

Federal and state health agencies should work with laboratories, providers, and other
partners to promote the ongoing collection, evaluation, and dissemination of clinical
validity and utility data for predictive genetic tests.

Role of Institutional Review Boards

Organizations seeking New York State approval for genetic tests that require ongoing
collection of clinical data should be required to submit evidence that they have
obtained approval of an institutional review board.

Assessment of Population Needs

Federal and state health agencies play an important role in assessing the population’s
genetic and environmental risk factors. The New York State Department of Health
should continue its activities in statewide assessment of the population’s genetic
health and genetic epidemiology research.

Public and Provider Education

Federal and state health agencies play an important role in educating the public about
genetics generally and about particular genetics services that are available to the
public. They also should support production and dissemination of genetics
educational materials to health care providers.

Coordination of State Agency Genetics Activities

The New York State Department of Health should assure coordination of activities of
departmental personnel and programs that promote genetics health and research
activities throughout the department. The department also should promote
coordination of its efforts with those of other partners outside the department.

Integrating Genetics Services into Clinical Care

Clinical genetics services encompass the application of genetics technology in a wide
array of clinical contexts, including treatment and management of genetic disorders
and genetic testing for diagnostic and predictive purposes. Genetics services providers
include physicians and nurses with special training in genetics, genetic counselors,
and others.

Studies indicate that primary care physicians, who will be utilized for genetic services
more frequently as the demands for such services grow, have limited training in
genetics and often do not have the knowledge to integrate genetics into primary care
services. Commentators have recommended a number of ways to increase genetics



knowledge among physicians, including a greater emphasis on genetics in medical
and postgraduate medical training programs, continuing medical education in
genetics, and the creation of clinical guidelines for genetic medicine.

Genetic counselors provide patients with counseling services regarding the occurrence
or risk of occurrence of genetic conditions or birth defects. Although no state
currently requires genetic counselors to be licensed or certified in order to practice or
use the title genetic counselor, genetic counselors can receive board certification from
the American Board of Genetic Counselors. In the mid-1990s, about 66 to 75 percent
of New York’s approximately 150 genetics counselors were board certified.

Most genetic counselors work in institutional settings as part of a genetics services
delivery team and under the supervision of a physician. Under New York law,
genetic counselors may not independently order genetic tests for patients. Because
there are no specific medical billing codes (CPT codes) for genetic counseling,
genetic counselors cannot directly bill third-party payers for the counseling services
they provide. Third-party payers do not consider genetic counselors as reimbursable
providers in part because the states do not license or certify genetic counselors.

Increasingly, insurers are covering the costs of predictive genetic testing and
counseling for individuals who are at risk for adult-onset disorders or disorders in
future offspring. In general, insurers will cover counseling by medical geneticists with
M.D. or D.O. degrees, although some insurers will cover counseling by Ph.D.
geneticists or nongeneticist physicians.

Conclusions and Recommendations of the Task Force
State Licensure or Certification of Genetic Counselors

To ensure an adequate level of competency of genetic counselors and to support the
viability of the profession of genetic counseling, New York State should create a
process for state certification of genetic counselors who are certified by the American
Board of Genetic Counseling or American Board of Medical Genetics.

Scope of Genetic Counseling Practice

Ideally, all genetic counselors should work within a team of health care providers, which
may include medical geneticists, Ph.D. geneticists, primary care physicians, and physician
specialists, such as oncologists, obstetrician-gynecologists, and neonatologists, to provide
genetic counseling as an integrated component of the patient’s health care. If genetic
counselors practice independently, they should maintain the same level of professional
standards as genetic counselors who work within institutional settings and should strive to



achieve the benefits of working in an integrated health care team by consulting with other
genetics and nongenetics professionals.

Authorization to Order Genetic Tests

Under New York law, genetic counselors can order genetic testing for their patients only
through licensed physicians or other persons who are authorized by law to do so, such as
dentists, podiatrists, and nurse practitioners. The Task Force does not recommend any
changes to the current law.

Direct Billing by Genetic Counselors

The Task Force encourages the American Medical Association to adopt changes to
the CPT codes that would allow nonphysician genetic counselors to bill directly for
genetic counseling services.

Training Genetic Counselors about Legal and Ethical Issues

All genetic counselors should receive training in and be knowledgeable about legal
and ethical issues relevant to genetic counseling, such as confidentiality and medical
privacy. Professional societies of genetic counselors should develop standards and
guidelines for educating and training genetic counselors about legal and ethical issues.

Genetics Training in Medical School and Postgraduate Education

Medical schools should incorporate genetics education into their core curriculum,
Medical schools and postgraduate training programs should integrate genetics into
clinical practice training to teach the necessary skills and attitudes for recognition and
assessment of the genetic component of disease.

Physician Licensure Examinations with Genetics Requirements
Physician licensing examinations should assess knowledge of basic genetics issues.
Genetics Education through Clinical Guidelines

Professional medical associations should promote development of comprehensive and
up-to-date clinical guidelines to help physicians recognize appropriate genetic testing
opportunities, provide a source of continuing genetics education, and ensure that
patients receive adequate counseling and appropriate specialty referrals. National and
state health agencies and private partners should support the development, updating,
and dissemination of professional guidelines.



Specialty Board Certifications with Genetics Requirements

The American Board of Medical Specialties and the individual specialty boards
should ensure that specialty board certification and recertification examinations
adequately assess genetics competencies.

Medical Organization-Based Requirements for Genetics Education

Managed care and other medical practice organizations should promote genetics
education of their member practitioners for the appropriate integration of genetic
testing and counseling services and for specialty referrals.

Genetics Education and Training for Nursing and Allied Health Professionals

Nursing and allied health professionals, working with the genetics community, should
continue their efforts to incorporate genetics into all levels of nursing practice and
allied health services and to promote research to assess and monitor the integration of
genetics into all nursing and allied health practices.



Guide to Abbreviations

ABGC American Board of Genetic Counseling

ABMG American Board of Medical Genetics

ABMS American Board of Medical Specialties

ACMG American College of Medical Genetics

ACMGF American College of Medical Genetics Foundation

ACOG American College of Obstetricians and Gynecologists

ADA Americans with Disabilities Act

AMA American Medical Association

ANA American Nurses Association

APC adenomatous polyposis coli

APOE apolipoprotein E

ASHG American Society of Human Genetics

CAP College of American Pathologists

CDC Centers for Disease Control and Prevention

cDNA complementary DNA

CETP cholesterol ester transferase protein

CME continuing medical education

CmMvV cytomegalovirus

CPT Current Procedural Terminology

CSGC Cancer Genetics Studies Consortium

CvVsS chorionic villus sampling

DES diethylstilbestrol

DOE Department of Energy

EEOC Equal Employment Opportunity Commission

ELSI ethical, legal, and social implications

ERISA Employee Retirement Income Security Act

FAP familial adenomatous polyposis

FCRA Fair Credit Reporting Act

FISH fluorescence in situ hybridization analysis

HCPCS Health Care Financing Administration’s Common Procedure Coding
System

HIPAA Health Insurance Portability and Accountability Act (1996)

HMO health maintenance organization

HNPCC hereditary nonpolyposis colorectal cancer

HTLV human T-cell leukemia virus

HUGEM Human Genome Education Model Project

HUGO Human Genome Organization

ICD International Classification of Diseases

IOM Institute of Medicine

IRB institutional review board

ISONG International Society of Nurses in Genetics

IVF in vitro fertilization



MS
NAPBC
NAS
NBAC
NCGR
NCHPEG
NHGRI
NIH
NSGC
PCR
PGD
PKU
RFLP
TMS

mass spectrometry

National Action Plan for Breast Cancer
National Academy of Sciences

National Bioethics Advisory Commission
National Center for Genome Resources
National Coalition for Health Professional Education in Genetics
National Human Genome Research Institute
National Institutes of Health

National Society of Genetic Counselors
polymerase chain reaction

pre-implantation genetic diagnosis
phenylketonuria

restriction fragment length polymorphism
tandem mass spectrometry



Glossary of Key Genetic Terms

Acquired mutation — a nonheritable, permanent DNA alteration in a cell other than an egg or
sperm cell, which may be involved in the development of cancer.

Allele — alternative form of a gene (see gene variant).
Amino acids — molecules that are the building blocks of proteins.

Analytical validity — a measure of how well a laboratory test detects what it is designed to
detect, encompassing sensitivity and specificity (see below).

Autosomal dominant disorder — a single-gene disorder that results from inheritance of a
mutation in a single gene copy.

Autosomal recessive disorder — a single-gene disorder that results from inheritance of a pair of
genes, both of which have a harmful mutation.

Carrier — an individual who has inherited a single, recessive mutant gene variant that is not
expressed as a trait or disease. The term carrier is sometimes used more broadly to refer to
individuals who have inherited a single mutant gene variant for a dominant trait (e.g., Huntington
disease) which has not yet been expressed as disease.

Chromosome — rod-like structures located in the cell nucleus that bear a linear array of
thousands of genes. Healthy human beings inherit one set of twenty-three chromosomes from
each parent.

Clinical validity — a measure of a laboratory test’s ability to diagnose a disease or predict future
disease.

Clinical utility — a measure of how information learned from a laboratory test enables the
person tested to use established preventive, medical, or reproductive options.

Congenital disorder — a disorder present from birth and due to genetic and/or nongenetic
factors.

DNA — deoxyribonucleic acid; the genetic material of living organisms.

Gene — the basic unit of heredity, composed of a linear sequence of DNA bases and coding for
one or more specific proteins.

Gene product — mRNA or protein molecules specified by a gene.
Gene variant (allele) — alternative form of a gene based on variations in DNA base sequence.

Genetic heterogeneity — different mutations of a single gene (allelic heterogeneity) or different
genes (locus heterogeneity) may be associated with a similar trait or disease.



Genetic information — any specific information about variation in form or number of an
individual’s inherited genes or chromosomes.

Genetic testing — analysis of DNA, chromosomes, or gene products that provides specific
information about inherited variations in genes or chromosomes of an individual or his or her

progeny.

Genetic screening — predictive genetic testing targeted to populations to prevent disease and
promote health.

Genotype — the genetic constitution of all genes of an individual or of a specific gene or genes
within an individual.

Human genome —the entire array of genes in the human race or of an individual human.
Inherited susceptibility mutation — a heritable, permanent DNA alteration that increases an
individual’s relative risk for a specific condition without guaranteeing that the individual will

develop the condition.

Karyotype — a photomicrographic display of individual chromosomes, showing their number
and structure, which is used to detect inherited chromosomal abnormalities.

Late-onset testing — predictive genetic testing to detect inherited gene mutations that cause or
increase relative risk for diseases that are not present at birth; generally refers to predictive
testing for diseases that occur in adulthood.

Messenger RNA (mRNA) —an intermediary molecule that is copied from the DNA sequence of a
gene and which carries instructions for the formation of a specific protein.

Multifactorial disorder — a disorder that results from multiple causes, both genetic and
nongenetic.

Multiplex testing — predictive genetic testing for two or more unrelated conditions in a single
testing session.

Mutation — a permanent change in DNA sequence, resulting from insertion or deletion of one or
more bases or from a change in the composition of DNA bases.

Nucleotide — DNA or RNA building block; the “letters” of the genetic alphabet.

PCR — polymerase chain reaction; a technique by which a specific targeted DNA sequence can
be copied million-fold.

Penetrance — the probability, based on population data, that inheritance of a specific gene
variant by an individual will manifest as a specific trait or disorder.



Pharmacogenetic testing — testing for inherited gene variations to guide pharmaceutical drug or
other medical treatment to promote positive and prevent adverse reactions.

Phenotype — the observable trait expression of a genotype, as influenced by environmental
factors.

Pleiotropy — property by which a gene influence multiple, seemingly unrelated, traits.

Predictive genetic testing — testing to determine inherited variations in form or number of genes
or chromosomes by analysis of genes (DNA), gene products (RNA, protein, or specific
metabolites), or chromosomes of an individual or an individual’s progeny.

Predispositional testing — see susceptibility testing.

Presymptomatic testing — predictive genetic testing of an asymptomatic person to determine
whether an individual has inherited a gene variant (or pair of gene variants) that will result in
future disease with almost 100 percent certitude.

Protein — large molecules composed of amino acids that form the structural and enzyme
components of living organisms. Protein structure is specified by the DNA base sequence of
genes.

Reproductive testing — predictive genetic testing of an individual, couple, fetus, or pre-
implantation embryo to detect heritable genetic disease risks.

Sensitivity (analytical, clinical) — the ability of a laboratory test to detect all true positive
results.

Single-gene disorder (mendelian disorder) — a disorder that results in inheritance patterns
following the ratios first described by Gregor Mendel. Inheritance of a single mutated gene
variant, or of a pair of mutated gene variants, generally results in a 100 percent disease incidence.

Specificity (analytical, clinical) — the ability of a laboratory test to exclude from detection all
false positive results.

Susceptibility testing (predispositional testing) — predictive genetic testing to detect an
individual’s inherited disease risk relative to that of the general population.

X-linked disorder — a single-gene disorder, generally resulting from inheritance of a single
mutant copy of a gene on an X chromosome in a male.






Introduction

As this report goes to press, the publication of the DNA sequence of the human
genome, the three-billion-letter blueprint of human heredity, is imminent. This landmark
accomplishment represents the key goal of the Human Genome Project, an international
research project launched ten years ago. It will lead, in the next several years, to the
identification of the tens of thousands of genes that all human beings share. The Human
Genome Project also has promoted development of new analytical technologies that will
have a profound impact on both research and health care and will usher in the age of
genomic medicine. The long-term benefits of the Human Genome Project will include a
better understanding of human health and disease and the development of new pathways
for preventing and treating disease. Generally, however, there will be a time lag of years,
even decades, between the discovery of the role of a gene in health and disease and the
development of interventions that clearly prevent or minimize that risk.

In the meantime, new genomic information and technologies are leading to the
development and use of genetic tests to identify inherited variations in human genes that
affect a broad range of an individual’s health and disease risks. Genetic tests have been
used for decades as reproductive tests and as diagnostic tests for persons who display
symptoms of some of the several thousand rare “single-gene” diseases such as cystic
fibrosis or sickle cell disease — diseases for which the inheritance of one mutated gene,
or a pair of mutated genes, leads to a virtually 100 percent disease incidence. As a result
of the Human Genome Project, most commentators predict that genetic testing also will
be used increasingly to identify future risks not only for rare single-gene diseases but also
for common complex disorders of adulthood, including cancer, heart disease, and
diabetes. In fact, most chronic diseases are caused by a complex set of both inherited
genetic factors, or predispositions, and environmental factors, including diet, lifestyle,
and exposure to toxins. The new predictive genetic tests, in addition to identifying
persons who are at higher-than-average risk for developing a particular disease, will be
able to identify persons who, based on their genetic inheritance, are most susceptible to
the harms of exposure to environmental agents, such as cigarette smoke and workplace
chemicals. Predictive genetic tests also will be used to guide individual medical
treatments, for example, to predict whether an individual is likely to show a favorable or
unfavorable response to treatment with a particular pharmaceutical agent.

In the coming decades, human genome research and the development of predictive
genetic testing hold enormous promise and, most commentators predict, will lead to a
new framework of individualized medicine. With these promises, however, come risks.
Many have expressed concerns that the rapid introduction of this new information into
health care may harm individuals. These harms may arise from several factors — the
lack of preparedness within the health care and clinical laboratory communities for the
human genetics research explosion, public misunderstanding of and misperceptions about
genetics, and the potential misuses of genetic information against individuals and groups,
for example, in insurance and employment. One major concern is that, based on the time



lag between the development of predictive genetic tests and the availability of effective
medical interventions, individuals may learn of a future disease risk for which they have
no clinically useful options and may experience unnecessary psychological distress.

In the summer of 1997, the New York State Task Force on Life and the Law started a
three-year project to address how this wealth of new research data and
technologies will affect health care; to identify potential ethical, legal, and social
implications; and to propose policy, regulatory, and legislative recommendations
to promote the anticipated benefits and avert the risks of genetic testing. The
Task Force decided early in its deliberations that it would focus primarily on the
predictive uses of clinical genetic testing for heritable genetic variations as the
area of most pressing and immediate concern.

In view of the expanding uses of medical genetic information, the Task Force realized
that its definition of genetic information and genetic testing must be both precise
and broad enough to accommaodate future, perhaps yet unanticipated, uses. It
wished to avoid the pitfalls experienced by some state legislatures and others that,
in the rush to provide special protections for predictive genetic testing,
inadvertently established overly narrow guidelines, sometimes with unintended
consequences. In this report, we define genetic information as any specific
information about variation in form or number of an individual’s inherited genes
or chromosomes. We define genetic testing as analysis of DNA, chromosomes, or
gene products that provides specific information about inherited variations in
genes or chromosomes of an individual or his or her progeny.

The definition of genetic testing used in our report itself encompasses clinical testing
performed in different contexts and for different purposes — reproductive testing,
diagnostic testing of persons with disease symptoms, predictive testing of healthy
individuals to identify future disease risks, and pharmacogenetic testing to guide
treatment decisions. Some discussions and recommendations in this report, for
example, those to protect confidentiality of genetic information, apply broadly to
all forms of genetic testing within our definition. Others apply more narrowly.
For example, the recommendations for informed consent to genetic testing apply
only to genetic testing used to predict future disease in apparently healthy
individuals or their offspring. This form of predictive testing, unlike testing of
someone who already has disease symptoms, is often performed solely for
informational purposes and may pose significant and avoidable risks.

Another key question the Task Force faced is that of “genetic exceptionalism” —
whether and how genetic medicine is different from other areas of medicine and whether
genetic testing and information justify special considerations. Task Force members
agreed with other commentators who claim that genetic testing is not absolutely different



from other forms of medical testing and that segregating genetic information from other
information within a medical record may not be practically feasible. However, members
also agreed that predictive genetic testing, notably DNA-based testing, does have some
unique characteristics. Predictive DNA-based genetic testing can accurately predict
disease risks decades into the future, independent of clinical signs or symptoms, yielding
the same specific information about an individual from before birth to after death. It also
can amass a uniquely identifiable profile of genetic information for any individual. Other
factors that are distinctive, although not always exclusive, to predictive genetic testing
include the familial nature of genetic information, poor genetics knowledge and skills in
the general health care community, public misperceptions that genetic information is
determinative, and a history of using genetics to support discrimination against classes of
people, including in the United States. Based on these factors, the Task Force decided
that while genetic testing is not absolutely distinct from other medical testing,
constellations of factors might merit special concerns about predictive genetic testing in
some, but not all, of the areas that the Task Force addressed.

There are two major, and parallel, themes that developed during the course of this project.
The first is the enormous potential that predictive genetic testing poses for health
care and the need to promote utilization of these benefits in both research and
clinical care. This led the Task Force to identify barriers to the appropriate uses of
genetic testing in research and clinical care and to make recommendations to
reduce these barriers. Barriers include concerns about misuse of genetic
information in insurance and employment, inadequate genetics knowledge of
health care providers, and insufficient oversight of clinical genetic testing
laboratories.

The second theme is that, despite the potential promise of predictive genetic testing, there
are potentially dangerous misunderstandings and misperceptions within the
general public about the role of genes in health, disease, and determining who we
are as individuals. While it is clear that inherited genetic variations influence an
individual’s health, disease risks, and even behaviors, many people vastly
overestimate the role of genes and underestimate the role of nongenetic,
environmental factors. Many also do not adequately appreciate the complexity of
interpreting probabilistic genetic information about an individual’s risk, relative to
that of the general population, for common disorders like breast cancer, heart
disease, and diabetes. As we enter the age of genomic medicine, it also is
apparent that many health care providers, including most physicians, lack
adequate understanding of the role of genetics in health and disease. Public
misperceptions, combined with inadequate genetics knowledge of health care
providers, could lead people to inappropriately undergo testing, to adopt possibly
harmful preventive interventions (or to adopt interventions prematurely), and/or to
falsely construe a test result that fails to find a particular gene mutation as
meaning that one is at zero risk for future disease. These concerns led the Task
Force to make recommendations to promote public and professional education,
genetic counseling as part of the informed consent process, oversight of genetics



research using samples obtained in the course of clinical care, and community
involvement in policy decisions.

In adopting its focus on predictive genetic testing in the clinical context, the Task Force
was unable to consider other important issues beyond this focus. These issues
include the conduct of genetics research using tissue samples obtained outside the
clinical context; genetic screening for susceptibility to environmental agents in the
workplace; genetic testing for acquired, nonheritable gene mutations that may be
important in the development and treatment of cancer; genetic testing for
behavioral and cognitive traits; somatic gene therapy and reproductive
“enhancement”; and the role of private sector research and gene patenting and
other commercial factors that may ultimately affect clinical care. The report also
does not address issues outside the scope of human genetics and health care,
including the use of genomic information about other species to guide
antipathogen research, the impact of genetic technologies in agriculture, and the
use of genetic profile analysis in law enforcement.

The Task Force offers this report as a guide to policy makers in New York State and
elsewhere who are grappling with the difficult issues associated with predictive
genetic testing. The Task Force hopes that this report, which includes background
information about the science, medicine, and ethical, legal, and social issues of
genetics research and clinical practice, will provide a useful and timely
educational resource for health care and other professionals and the general
public.



The Science of Genetics

Genetics is the study of the inheritance of traits. Throughout human history,
people have understood that particular traits are shared within families and that similar
patterns are observed among animals and plants. In 1865, Gregor Mendel first postulated
the concept of genes as discrete biological units responsible for the transmission of
specific traits. It was almost a century later, with the 1953 landmark discovery of the
structure of DNA, the chemical component of genes,* that the field of molecular genetics
began. Research about genes and their informational role in heredity has exploded in the
succeeding decades, culminating in the initiation of the Human Genome Project in 1990.?
This international research project to identify all of the estimated 50,000 or so human
genes will lead to a much greater understanding of the functions of human genes and their
roles in human health and disease.®

The Structure and Function of Genes

The gene is the basic unit of inheritance. Each of the estimated 50,000 human
genes acts as a set of instructions for the body to produce one or more specific protein
products. Every person has a unique complement of genes, half inherited from the
mother and half from the father. Every cell of an individual contains an identical set of
genes, located in the cell nucleus.*

The chemical building block of genes is DNA. DNA molecules are composed of
individual repeated units called nucleotides. Each nucleotide contains an unvarying
chemical structure that provides the “backbone” of DNA, as well as one of four distinct
chemical bases: adenine (A), cytosine (C), guanine (G), and thymine (T). These four
bases provide the letters of the genetic alphabet; their variable positioning along linear

1 J. D. Watson and F. H. C. Crick, “Molecular Structure of Nucleic Acids: A Structure for
Deoxyribonucleic Acid,” Nature 171 (1953): 737. See also H. F. Judson, The Eighth Day of Creation:
Makers of the Revolution in Biology, expanded ed. (Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press, 1995), 3-169. DNA is an acronym for deoxyribonucleic acid.

2 U.S. Department of Energy Human Genome Project Information website: http://www.ornl.gov/hgmis,
visited May 7, 1998.

3 F. S. Collins, M. S. Guyer, and A. Chakravarti, “Variations on a Theme: Cataloging Human Sequence
Variations,” Science 278 (1997): 1580; L. Rowen, G. Mahairas, and L. Hood, “Sequencing the Human
Genome,” Science 278 (1997): 605; F. S. Collins, “Shattuck Lecture — Medical and Societal Consequences
of the Human Genome Project,” New England Journal of Medicine 341 (1999): 28. As of June 2000,
estimates of the number of human genes vary from 30,000 to 100,000. See E. Pennisi, “And the Gene
Number Is?” Science 288 (2000): 1146; “Editorial: The Nature of the Number,” Nature Genetics 25 (2000):
127. In this report, we will use the estimate of 50,000.

4 Almost all human genes are located in the nucleus, but a small number (thirteen, approximately 0.02
percent of human genes) are located in extranuclear structures called mitochondria. See page 9, this
chapter.



DNA strands results in specific DNA base “spellings,” or sequences.” These sequences
encode information in the same way that letters of the alphabet form words and sentences.

A gene is a specific DNA base sequence that forms a specific sentence that directs
the cell to make a specific protein. The size of individual genes varies from less than
1,000 bases to hundreds of thousands of bases.®

DNA Is Self-Replicating

In cells, DNA exists in double-stranded form. Two single strands of DNA coil
around each other to form a structure that looks like a spiraling zipper and is described as
a double helix (see Figure 1).” The chemical bases of each strand face inside the helix.
The interlocking teeth of the zipper are formed by weak chemical bonds between bases of
each of the two strands, forming “base pairs.” Each base on one DNA strand pairs with a
specific base of the other strand; A pairs only with T, and C pairs only with G. This is
called base pair complementarity.

This complementarity enables DNA to “copy” its linear base sequence faithfully
every time a cell divides to form two daughter cells. During this copying process, called
DNA replication, the double-stranded helix “unzips,” generating two single-stranded
molecules. Each of these single-stranded DNA molecules acts as a template for creation
of a new double-stranded helix — individual nucleotides in the cell attach to the single-
strand DNA obeying the base-pair complementarity rules. The result is two new double-
stranded DNA molecules that are identical to the original (see Figure 2).8

Genes Code for Proteins

The unique base sequence of each gene (its genetic code) directs the cell to
produce (“codes” for) one or more specific proteins. Proteins are the major structural and
enzyme components of living organisms. The building blocks of proteins are amino
acids. There are twenty different amino acids. Each protein contains a unique and
characteristic linear array of 100 to 1,000 amino acids, which determines its structure and
function.

How does the gene alphabet of DNA’s chemical bases convert to the protein
alphabet of amino acids? Reading from the start of the gene, each group of three DNA
bases, or “triplet,” corresponds to a particular amino acid. Conversion of the DNA
genetic code to protein, however, is not direct. It requires the participation of an
intermediary molecule called mRNA.° mRNA is a single-stranded molecule that is

5 In the report, we will refer to DNA nucleotide sequences as base or base pair sequences.

6 M. W. Thompson, R. R. Mclnnes, and H. F. Willard, Genetics in Medicine, 5th ed. (Philadelphia: W. B.
Saunders, 1991), 41.

7 See Appendix B, page 403.

8 See Appendix B, page 404.

® mRNA is an acronym for messenger ribonucleic acid.



similar, but distinct from, DNA. It, too, is composed of long stretches of bases.’® mRNA
molecules are formed on stretches of single-stranded DNA by the same base pair
complementarity rules used to make new DNA copies.!! This process, in which coded
genetic information is transferred from DNA to its complementary mRNA, is called
transcription.

Once formed, the mRNA strand detaches from its DNA template and moves
outside the cell nucleus, where it, in turn, acts as a template for the assembly of a
particular protein. This process is called translation. Each mRNA triplet (called a codon)
designates insertion of one of twenty amino acids into a linear protein chain. In addition,
specific codons located at the end of genes, called “stop” codons, signal the cell that the
protein chain is complete.

The transcriptional and translational process in which a gene is “turned on” and
copied into mRNA to direct formation of a specific protein is called gene expression.
During human development, different groups of cells, all containing the identical set of
genes, become “committed” to express particular subsets of genes. For each gene
expressed, the number of mMRNA (and protein) copies produced also varies. This process
of regulated gene expression results in formation of different cell types, tissues, and
organs. For example, nerve cells express a subset of genes that encode neurotransmitters
and other neuronal proteins, and skin cells express genes that encode specific pigment
and fiber proteins.

Organizational Structure of Genomes and Genes
Organization and Replication of the Genome

The entire DNA content of a cell, an individual, or a species is called a genome.
Almost all the DNA of the human genome, over three billion DNA bases, is packaged in
discrete units called chromosomes, which are located in the cell nucleus.!? Long strings
of double-stranded DNA, containing genes like beads on a string, are tightly coiled within
chromosomes, which provide an organizational structure that allows the controlled
copying and segregation of genes each time a cell divides to form two “daughter” cells.
During DNA copying or gene transcription to form mRNA, chromosomal DNA
temporarily unwinds in a regulated process. A schematic diagram of the cell, showing

10 In RNA, the base uracil (U) replaces thymine (T); the other three bases (A, C, and G) are identical for
DNA and RNA. The chemical “backbone” of RNA nucleotides also differs slightly from that of DNA
nucleotides.

11 For RNA formation, special enzymes cause local breakage of base pair bonds in the gene’s double-
stranded DNA, creating temporary stretches of single-stranded DNA, like open gaps in a closed zipper.
The mRNA molecule forms by stringing of RNA nucleotides together, using the DNA molecule as a
template.

12 The exception is mitochondrial DNA; see page 9, this chapter. Chromosomes also contain special
nuclear proteins that aid in DNA “packaging” and the control of gene expression.



chromosomes, their gene constituents, and their location in the cell nucleus, is shown in
Figure 3.13

Most human cells contain forty-six chromosomes, one set of twenty-three
chromosomes derived from the mother and a matching set derived from the father. Egg
and sperm cells are the exception, containing a single set of twenty-three chromosomes.
Twenty-two chromosomes are called autosomes, and the twenty-third is a sex-
determining chromosome, called X or Y.** Each of the twenty-two human autosomes and
the X and Y chromosomes is unique, containing a specific subset of thousands of genes
with a prescribed linear order. The “geographical address” of a particular gene is defined
as its locus. For example, the locus of the human beta globin gene is a specific segment
of chromosome 11.%°

When egg and sperm cells unite in fertilization, the resulting fertilized egg
contains twenty-two pairs of autosomes and two sex chromosomes (XX in females, XY
in males). All cells in the developing human embryo and adult contain the identical set of
forty-six chromosomes. Each of the 50,000 genes is present in duplicate copies, one
derived from the mother and one from the father. Generally, cells make two copies of
any expressed protein, one maternally and one paternally derived.®

Mitosis and Meiosis

When a cell divides, all the DNA of each chromosome is duplicated. One
complete set of chromosomes segregates to each of two new daughter cells. This process
is called mitosis. Repeated mitosis and cell division originating from a single fertilized
egg generates about 100 trillion cells in a human adult, each with an identical genome.*’
In cells undergoing mitosis, chromosomes are very condensed. This condensed state
allows researchers to “stain” cells with chemical agents and examine chromosomes with a
microscope. In the resulting chromosome “spread,” called a karyotype, researchers can
distinguish each of the autosomes and sex chromosomes.*®

A process similar to mitosis occurs to produce egg and sperm cells. In this
process, called meiosis, cells undergo two rounds of division, rather than one. The result

13 See Appendix B, page 405.

14 Each egg cell contains an X chromosome, and each sperm cell contains either an X or a Y chromosome.
15 Thompson, Mclnnes, and Willard, Genetics in Medicine, 43.

16 Genes located on the X and Y sex chromosomes are exceptions. In another rare exception, called
parental imprinting, the degree to which a gene is expressed varies depending on which parent transmitted
it. See R. C. King and W. D. Stansfield, A Dictionary of Genetics, 5th ed. (New York: Oxford University
Press, 1997), 248.

17 See “A Brief Key to Basic Genetics,” in Blazing a Genetic Trail, Howard Hughes Medical Institute
website: http://www.hhmi.org/genetictrail, visited July 10, 2000.

18 See also Chapter 2, page 38.



is four rather than two daughter cells, each with only twenty-three (not forty-six)
chromosomes.® Meiosis also differs from mitosis in another way: Before the first of the
two cell divisions, matched pairs of maternal and paternal derived chromosomes line up
next to each other — for example, maternal chromosome 1 with paternal chromosome 1,
and so on. One or more DNA “breaks” may occur along each of the paired chromosomes
and pieces may be “swapped” between the pair. By this process, called recombination,
genes originally lined up along the same chromosome can be separated and inherited
independently of each other. Thus, individual chromosomes transmitted to offspring are
patchworks of the parent’s own maternal and paternal chromosomes.

Noncoding DNA

Genes, the DNA “sentences” that can be translated into mRNA and then into
proteins, comprise about 3 percent of the human genome. An estimated 97 percent of the
genome is noncoding DNA.?° The function of much of the genome’s noncoding DNA, if
any, is unclear. However, some noncoding DNA sequences are known to regulate the
“turning on” and “turning off” of specific genes or chromosomal structure and function.

Gene Structural Organization

Most human genes do not contain a continuous, uninterrupted coding sequence;
gene “sentences” are interrupted by stretches of noncoding bases, “phrases” of apparent
gibberish.?> ' When a gene is transcribed into mRNA, both the coding and noncoding
stretches of DNA are copied contiguously to produce a long, “immature” RNA molecule.
Before protein translation, the cell “edits” the immature RNA, splicing out the noncoding
stretches to produce a “mature” mRNA. Although the noncoding DNA stretches of a
gene generally do not code for amino acids, they and other noncoding sequences that
flank a gene may regulate when, how, and to what level that gene is turned on in the cell.

Extranuclear Genes: Mitochondrial DNA

Mitochondria, the “powerhouses” of the cell, are structures outside the cell
nucleus that produce energy for the cell’s activities. They are the only cell components
outside the nucleus that contain DNA. Mitochondrial DNA is a circular double-stranded
molecule that contains 16,569 base pairs,?? coding for thirteen small proteins and for

19 At the time of fertilization, each sperm cell has completed meiosis and contains one complete set of
twenty-three chromosomes, half the number of other body cells. Egg cells begin meiosis before fertilization
but don’t complete it until after a sperm cell penetrates its cytoplasm.

2 See, e.g., R. Weiss and J. Gillis, “Team Finishes Mapping Human DNA,” Washington Post, June 27,
2000, A01. Most noncoding DNA is made of unique (nonrepetitive) base sequences. The rest is called
repetitive DNA and consists of short or long stretches of base sequences that are repeated continuously.

2L The coding portions are called exons, and the noncoding portions are called introns. Most human genes
have exons, from one to over thirty exons per gene, ranging in size from about 100 to 10,000 base pairs.
King and Stansfield, A Dictionary of Genetics, 182.

2 |bid., 216.



special RNA molecules that directly participate in the protein formation machinery.?
Mitochondrial DNA accounts for a tiny fraction of a cell’s entire coding potential, but
impairment of this DNA can cause disease.?* Unlike genomic DNA, mitochondrial DNA
is almost exclusively inherited maternally.?

Gene Mutations

Changes in one or more bases within a gene, or the duplication or loss of whole
genes, may occur. Often, special DNA repair enzymes in cells correct these errors, but
sometimes they go uncorrected and become gene mutations. Mutations may result from
errors during DNA copying in dividing cells, or they may occur in “resting,” or
nondividing, cells, by a reaction with environmental agents (for example, chemicals and
radiation) that can modify DNA structure.

Mutations change the “spelling” of a gene sentence. These spelling changes may
result from the addition of one or more incorrect bases (substitution mutations), insertions
of one or more additional bases (insertion mutations), or the loss of one or more bases
(deletion mutations). Alteration of a single base within a gene, called a point mutation,
can change a single mRNA codon and result in insertion of a single altered amino acid
within a protein. If the mutation changes the codon to one of several “stop” codons that
function to stop protein production, the gene can no longer produce a normally sized
protein.

Other types of mutation also can alter the genetic code. Deletion or insertion of
one or more bases disrupts the framework in which contiguous DNA base triplets are
read. This causes the whole sequence of mMRNA codons to fall out of line and results in
production of a partial, generally nonfunctional, protein.?® Another type of mutation is
called a trinucleotide repeat expansion. Trinucleotide repeats are unstable DNA regions
in which particular nucleotide triplets (for example, CAG) occur as multiple repeats
(CAGCAGCAGCAG.. . .). Normally the triplet sequence repeats five to fifty times, but
mutation can expand the number of repeats, generating up to hundreds or thousands.?’
This type of mutation is involved in many human neurological disorders.?®

23 These forms of RNA, called tRNA and rRNA, are related to but distinct from mRNA. tRNA and rRNA
do not act as transcriptional intermediates between gene and protein.

24 See P. F. Chinnery and D. M. Turnbull, “Mitochondrial DNA and Disease,” The Lancet 354 suppl. |
(1999): 17. See also page 20, this chapter.

% See page 20, this chapter.

% For example, in a hypothetical gene sequence reading “GACTACGATTCT . . .” DNA base triplets
corresponding to mRNA codons would be “GAC-TAC-GAT-TCT .. .” If the second base (A) is deleted,
the triplet framework changes to “GCT-ACG-ATT-CT . . .” changing the encoded amino acids. The new
triplet ATT corresponds to one of several mRNA “stop” codons that direct the cell to terminate protein
production.

27 King and Stansfield, Dictionary of Genetics, 350.

28 See page 16, this chapter.



Not all gene mutations, however, change the genetic code. Mutations within the
noncoding stretches of genes generally do not affect encoded proteins. Also, in some
cases, base changes within the coding DNA will not change the amino acid composition
of the encoded protein.?® If the mutation has no apparent effect on the encoded protein, it
is called a silent mutation.

More extreme types of mutation also can occur: change in gene number (e.g., gene
duplication), chromosome number, or chromosome structure. These abnormalities
characteristically occur during mitosis or meiosis. For example, during chromosome
copying and cell division, if two matching, newly copied chromosomes fail to move away
from each other into two new daughter cells, one of the daughter cells will lack a
chromosome and the other daughter cell will have an extra chromosome.

A mutation in an egg or sperm cell is transmissible to future generations and is
called a heritable, or germline, mutation. Heritable mutations that block the production of
a normal protein may alter traits or cause disorders. Mutations that occur in cells other
than egg and sperm cells, called acquired, or somatic, mutations, are not heritable. These
mutations play a key role, however, in the generation of most human cancers. Cancer is
the result of successive mutations in several key genes in a single cell, usually over many
decades. These cumulative mutations progressively impair the regulation of the cell’s
growth properties, creating a malignant clone of cells.®

Genetic Inheritance and Diversity

Heritable mutations account for the generation of alternative forms of a gene
within the population. The alternative forms of a specific gene are called alleles; this
report will use the term “gene variants.”®! The specific DNA sequence of each gene
variant is called its genotype.? The expression of a particular genotype by a cell or an
individual is called a phenotype, or trait.3

Every individual has a unique genome, resulting from a combination of maternal
and paternal chromosomes. Every individual has two copies of every gene. For any
specific gene, the inheritance of two copies (for example, for blue versus brown eye

2 There are sixty-four possible triplet codons (using the four DNA/RNA base combinations) and only
twenty amino acids. Commonly, variations in the third base of a codon will not alter the coded amino acid.
30 American Cancer Society, Cancer and Genetics — Advising Your Patient’s Relatives (Huntington, NY:
PRR, 1997), 32-34. See also page 19, this chapter.

3L In population genetics, alternative forms of genes are caused by variations in DNA sequence detected by
an effect on trait expression or by DNA sequencing analysis. When referring to individuals, the term allele
also is used to distinguish the two genes at a given locus (one inherited from the mother and the other from
the father). This report will also use the term gene variants to refer to alleles. In the popular press, some
use the term gene mutation or mutation to refer to particular alleles that are associated with disorders.

32 A genotype is the genetic constitution of all genes of an individual or of a specific gene or genes within
an individual.

33 A phenotype is the observable trait expression of a genotype, as influenced by environmental factors.



pigment) affects variation in traits.®* Within an individual, the maternal and paternal
copies of a specific gene may be identical (e.g., blue/blue). Alternatively, they may be
different (e.g., blue/brown).

Scientists estimate that individuals differ in approximately 1 in 300 to 1,000 base
pairs of DNA.* Within the human population, there may be hundreds of variants for any
particular gene, although for many identified genes, two or three common population
variants have been characterized; these are called polymorphic genes.®” An example of
a polymorphic human gene is the gene that determines ABO blood types; inheritance of
one or two copies of three different variants of this gene, A, B, and O, determines blood
type.®®

Mendelian Gene Inheritance

In 1865, Gregor Mendel, an Austrian monk experienced in horticulture and
educated in physics, outlined the basic principles of genetic inheritance.®® These
concepts, known as Mendel’s laws, resulted from his breeding experiments with garden
peas. In agriculture, breeders had long recognized patterns of inheritance but could not
understand their basis. For example, some traits skipped generations or disappeared.
Mendel’s experiments explained these phenomena by the following principles:

e Genes are inherited as discrete, indivisible units,*® in matching pairs, one from
each parent. Inherited gene pairs do not blend but retain their identity, and
traits not expressed in one generation may reappear in the next.

e Maternal and paternal copies of each gene segregate from each other when
passed to the next generation.

34 In humans, eye color is a complex trait determined by more than a single gene.

% Collins, “Medical and Societal Consequences of the Human Genome Project,” 32; M. Hagmann, “A
Good SNP May Be Hard to Find,” Science 285 (1999): 21; C. Cantor, “How Many SNPs Are Enough?”
GenelLetter (March 2000), GeneLetter website: http://www.geneletter.com, visited March 28, 2000;
Thompson, Mclnnes, and Willard, Genetics in Medicine, 127.

% E. S. Lander, “The New Genomics: Global Views of Biology,” Science 274 (1996): 536, 537.

37 A gene is polymorphic when at least two variants of the gene appear within a defined population group
with frequencies greater than 1 percent.

% The A, B, O blood group polymorphism, the first human genetic polymorphism described in 1900, is
caused by a few single base variations and is associated with slightly modified versions of a specific protein
on the surface of red blood cells. See A. Schafer and R. Hawkins, “DNA Variation and the Future of
Human Genetics,” Nature Biotechnology 16 (1998): 33.

3% W. Bodmer and R. McKie, The Book of Man — The Human Genome Project and the Quest to Discover
Our Genetic Heritage (New York: Oxford University Press, 1994), 15.

40 Mendel postulated unit inheritance by genes and alleles, but these terms did not come into use until
decades later. For discussion of Mendel and his work, see Bodmer and McKie, Book of Man, 14-17.



e Inheritance of a particular trait from one parent is not usually linked to
inheritance of an unrelated trait from that parent.*!

Mendel introduced the concept of dominance and recessiveness of gene variants
for specific traits. In the expression of a specific simple plant trait (e.g., stem length), one
of the two inherited copies of the gene controlling that trait could dominate the other —
for example, the variant for long stems could dominate, or mask, the variant for short
stems. The masked, or recessive gene copy, in this case, for short stems, must be present
in two copies for the trait to be expressed — in this case, a short-stemmed plant. For
some genetic traits, however, gene variants also may be codominant, with both of them
fully contributing to the trait. An example is codominance for a gene controlling flower
color in some plants. Breeding a white flower with a red one would produce a flower
with one gene copy for white pigment and the other for red pigment, resulting in a pink
flower.*2

Human Genetic Traits and Disorders

Mendel’s laws are universal and operate for all plants, animals, and humans. For
observers of human inheritance, however, simple genotype-phenotype correlations seen
for Mendel’s pea plants are rare. Generally, most human traits are less simple and are
influenced by multiple genes. This is true even for basic physiological traits such as eye
color and height. Environmental factors also influence trait expression, even for so-called
single-gene traits and disorders.** Environmental factors include prenatal conditions and
postnatal diet, lifestyle, and exposure to radiation and chemicals.

Variable Aspects of Trait Expression

It is often difficult to predict how a particular inherited gene variant will be
expressed. There are several complexities of gene expression that affect trait expression:

e Incomplete Penetrance — Penetrance is the probability, based on population
data, that inheritance of a specific gene variant by an individual will manifest
as a specific trait or disorder. Some gene variants that cause disorders have
100 percent penetrance, but many others show incomplete penetrance. For
example, inheriting a mutation in a gene called BRCAL increases lifetime risk
for breast and ovarian cancer but does not guarantee a person will develop
cancer.*

4l The exception to this rule is for genes that are very close to each other on the same chromosome and
unlikely to be separated by recombination during meiosis. See page 9, this chapter.

42 In this example, a white flower has two w (w/w) copies of the gene that codes for pigment, and a red
flower has two r (r/r) copies of the same gene. When crossed, all resulting flowers would have one w and
one r copy (w/r) of the gene, resulting in pink color.

43 A disorder is defined as a disturbance of function, structure, or both, resulting from a genetic or
embryologic failure in development or from exogenous factors such as poison, trauma, or disease.
Stedman’s Electronic Medical Dictionary (Philadelphia: Williams and Wilkins, 1995).

44 See Chapter 3, page 63.



e Variable Expressivity — This concept relates to the range of trait (or disorder)
expression in an individual. Different individuals who inherit the same gene
variant, even those within the same family, may show variable symptoms and
disease severity. For example, children with sickle cell disease show variable
range and severity of symptoms.

e Variable Age of Onset — Many genetic disorders are late-onset, manifesting
at some time after birth, often in adulthood, and onset cannot be predicted
precisely. Huntington disease, caused by inheritance of a mutation in a single
gene, generally does not develop until middle age.*®

e Allelic Heterogeneity — Within populations, there may be many different
variants of a particular gene caused by different possible mutations within that
gene. Different mutations in the different variant forms of the gene may result
in the same abnormal trait or disease. For some large genes, hundreds of
different mutations can cause the same disease. An example is cystic
fibrosis.*

e Locus Heterogeneity — Mutations in one of several different genes could
cause or contribute to the development of the same disease. The same
symptom or disorder could be caused by the inheritance of a mutation in one
of several genes. One form of familial colon cancer is caused by the
inheritance of a mutated copy of one of several genes that have similar
function.*’

e Pleiotropy — A single gene is often responsible for a number of distinct and
seemingly unrelated traits.*® In humans, different variants of a gene called
apolipoprotein E (APOE) affects cardiovascular disease risk and also may
affect risk for developing late-onset Alzheimer disease.*

45 See page 16, this chapter; see also Chapter 3, page 61.

46 See Chapter 5, page 117. See also Chapter 2, page 42.

47 This form of familial colon cancer, called HNPCC (hereditary nonpolyposis colon cancer), accounts for
about 3 percent of colon cancers. See Chapter 3, page 66.

4 King and Stansfield, Dictionary of Genetics, 264; R. E. Pyeritz, “Pleiotropy Revisited: Molecular
Explanations of a Classic Concept,” American Journal of Medical Genetics 34 (1989): 124. For further
discussion, see Chapter 3, page 76.

49 See Chapter 3, page 67.



Single-Gene Traits and Disorders

Single-gene traits and disorders were the focus of the earliest human genetic studies
because of their simple inheritance patterns. One example, frequently used in school biology
classes, is the ability or inability to roll (or curl) one’s tongue, side to side. The ability to roll
the tongue is dominant. Another, more medically relevant example, is the ABO blood group
system. There are three major population variants of a single gene, one recessive variant (O),
and two codominant variants (A and B). Knowledge of parental ABO blood type (and, by
inference, the underlying genotypes) may be sufficient to predict the incidence of ABO blood
types in the next generation.>

Some human gene disorders show a very high, sometimes 100 percent, concordance
with inheritance of a particular gene variant — these variants are said to be 100 percent
penetrant. These disorders, called Mendelian or single-gene disorders, generally segregate
within families according to Mendel’s laws. Transmission of a particular mutated gene
variant associated with a disorder can be mapped over family generations. Resulting
diagrams, called pedigrees, can be used to predict the probability that additional individuals
within a family will be affected. Although the term implies that a gene dictates a disease
process alone and directly, other genetic and nongenetic factors account for the variable
expressivity and age of onset that is characteristic of many so-called single-gene disorders.

Beginning in the early 1900s, efforts by genetically trained physicians to determine
the genetic roots of human disease generated a catalogue of disorders that show Mendelian
inheritance. Several thousand single-gene disorders have been described, but their overall
population incidence is low.%! These genetic disorders are grouped in three categories, based
on the chromosomal location of the mutant gene variant (autosomal versus sex chromosome)
and their mode of inheritance (dominant versus recessive). The categories are autosomal
dominant, autosomal recessive, and X-linked.

Autosomal Dominant Disorders

Autosomal dominant disorders result from inheritance of a single mutant gene variant
located on any of the twenty-two autosomal chromosomes. In a pedigree, children of an
affected parent have a 50 percent chance of inheriting the disorder. Males and females are
equally likely to transmit and to inherit a disorder. More than half of identified single-gene
disorders are characterized as autosomal dominant.>> Examples include adult polycystic
kidney disease, familial hypercholesteremia, neurofibromatosis, and Huntington disease.>

%0 For example, since the O variant is recessive, type O parents have two copies of the O variant and their
children will also all be type O. If one parent is type AB (AB) and one is type O (OQ), the children can
inherit either an A and an O (type A blood) or a B and an O (type B blood).

51 Incidence varies for different disorders and populations. In the United States, the incidence of individual
single-gene disorders ranges from about 1 in 1,000 to one in several tens, or hundreds, of thousand births.
Thompson, Mclnnes, and Willard, Genetics in Medicine, 5-7. Synopses of these disorders have been
compiled in a website tool, the Online Mendelian Inheritance in Man website: http://www.ncbi.nlm.nih/
gov/Omim, visited August 8, 2000.

5 T. D. Gelehrter, F. S. Collins, and D. Ginsburg, Principles of Medical Genetics, 2d ed. (Baltimore:
Williams and Wilkins, 1998), 24.

53 In this report, the possessive “s” is not used for disorders named by eponym (for example, Huntington’s
disease), following V. McKusick, “Commentary: On the Naming of Clinical Disorders, with Particular
Reference to Eponyms,” Medicine 77 (1998): 1.



Huntington disease, a progressive neurological disorder, is a classic example of an
autosomal dominant disease. George Huntington described the disease in 1872 and called it
Huntington’s chorea, due to the dance-like, shaking movements of affected individuals. The
disease is a devastating one, marked by progressive mental and neurological deterioration
over one or two decades. Symptoms do not begin until late midlife, after many individuals
have had children.>

The disease affects approximately 1 in 20,000 individuals.®® The gene associated
with the disease was discovered in 1993. The disease is caused by a trinucleotide repeat
expansion mutation within this gene;*® generally, individuals who inherit a mutated gene
variant have a 100 percent chance of developing Huntington disease.>’

Autosomal Recessive Disorders

In the early 1900s, A. E. Garrod, an English physician, postulated that some human
disorders followed Mendel’s rules for inheritance of recessive alleles. He noted that some
rare conditions were present at birth in two or more siblings of unaffected parents. Thus, the
parents were “carriers”® of a trait that they themselves did not express; each parent “carried”
one mutant gene copy and one normal copy. Affected children inherited two mutant copies
of the gene. Garrod called these disorders “inborn errors of metabolism” and postulated
correctly that children with these disorders had inherited two defective copies of a gene
encoding a critical enzyme.>®

The patterns of inheritance observed by Garrod are characteristic of autosomal
recessive disorders; the appearance of the disorder within a family is often sporadic, both
parents appear healthy and unaffected, one in four children manifests the disorder, and male
and female children are at equal risk.®® These disorders account for approximately 36
percent of single-gene disorders.% Their overall incidence is relatively rare but may be

54 Age of onset varies from the third to the seventh decade; it usually manifests in the fifth decade.

%5 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 217.

%6 See page 10, this chapter.

5 American College of Medical Genetics/American Society of Human Genetics Huntington Disease
Genetic Testing Working Group, “Laboratory Guidelines for Huntington Disease Testing,” American
Journal of Human Genetics 62 (1998): 1243, 1244,

%8 A carrier is defined as an individual who has inherited a single, recessive mutant gene variant. King and
Stansfield, Dictionary of Genetics, 50. The term carrier also may be used more broadly to refer to
individuals who have inherited a single mutant gene variant for a dominant trait that has not been expressed,
e.g., for an individual presymptomatic for Huntington disease. See Thompson, Mclnnes, and Willard,
Genetics in Medicine, 428.

%9 H. E. Sutton, An Introduction to Human Genetics, 2d ed. (New York: Holt, Rinehart and Winston, 1975),
5; A. E. Garrod, “Inborn Errors of Metabolism,” The Lancet 2 (1908): 1.

80 Statistically, for children of two carriers, 25 percent will inherit two copies of the mutant gene, 25 percent
will inherit two normal copies, and 50 percent will be healthy carriers of a single mutant copy.

61 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 24.



significantly elevated in certain population groups. Autosomal recessive diseases that
have elevated incidences within particular population groups in the United States include
cystic fibrosis, sickle cell disease, and Tay-Sachs disease. Cystic fibrosis affects 1 in
2,000 Caucasians, sickle cell disease affects 1 in 400 African Americans, and Tay-Sachs
disease affects 1 in 3,600 births in the Ashkenazi Jewish population.®?

X-Linked Disorders

In X-linked (or sex-linked) disorders, healthy mothers carry a mutant gene variant
on one of their two X chromosomes. Generally, the presence of a second, normal copy of
the same gene on the mother’s other X chromosome is sufficient to prevent disease.
Carrier mothers have a 50 percent chance of transmitting the mutant gene variant to each
son and daughter. When transmitted, daughters, similar to their mothers, are healthy
carriers. However, sons who inherit only the mutant gene copy are subject to the
disorder.® X-linked disorders account for approximately 10 percent of single-gene
disorders.%* An example is hemophilia, a blood-clotting disorder caused by an inability to
produce a normal blood coagulation protein called factor VIIl. Hemophilia affects
approximately 1 in 10,000 male infants.®® In the nineteenth and early twentieth centuries,
hemophilia afflicted the royal houses of Europe, originating with Queen Victoria, a
carrier.®

Some cite hemophilia as the first recorded human genetic disease. Over 1,500
years ago, Talmud scholars directed that when a boy within a family died from excessive
bleeding following circumcision, later sons of that mother and sons of her sisters need
not be circumcised.®” This directive recognized not only the carrier status of the mother
of the affected boys but also the high probability (50 percent) that her sisters also were
carriers.

Multifactorial Disorders
Almost all human diseases are thought to be at least partially genetic, including

common complex disorders such as cancer, heart disease, diabetes, and psychiatric
illnesses.®® Even susceptibility to infectious diseases is affected by genetics.®® Although

%2 lbid., 4. However, because of carrier screening programs initiated in the early 1970s and the
development of prenatal testing for Tay-Sachs disease, the incidence of Tay-Sachs births within the
Ashkenazi Jewish community has declined steeply. See Chapter 5, page 113.

8 Thompson, Mclnnes, and Willard, Genetics in Medicine, 78.

64 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 24.

8 Thompson, Mclnnes, and Willard, Genetics in Medicine, 76.

% Bodmer and McKie, Book of Man, 8-9.

7 H. E. Sutton, An Introduction to Human Genetics, 2; American Cancer Society, Cancer and Genetics, 74.
8 F. S. Collins, “Afterward: The Impact of the Human Genome Project on Medical Practice,” in Toward
the 21st Century: Incorporating Genetics into Primary Health Care, ed. N. Touchette et al. (Cold Spring
Harbor, NY: Cold Spring Harbor Laboratory Press, 1997), 87.

8 This includes susceptibility to the HIV virus. See M. W. Smith et al., “Contrasting Genetic Influence of
CCR2 and CCR5 Variants in HIV-1 Infection and Disease Progression,” Science 277 (1995): 959.



inheritance of specific gene variants may significantly increase risk for particular
disorders, the influence of inheritance is generally too complex for construction of simple
pedigrees. Those gene variants that contribute a significant increase in disease risk are
called inherited susceptibility mutations.”® Whether or not a person who inherits a
susceptibility mutation will get a particular disease depends on other genes that person
inherits and also on his or her lifetime environmental exposures. These mutations
predispose individuals to disorders; they range from weakly to strongly penetrant.

Late-onset Alzheimer disease, affecting approximately four million Americans, is a
multifactorial disease.” Alzheimer disease occurs at a higher than general incidence within
some families, but patterns are significantly more complex than for single-gene disorders.
For example, APOE, a gene that codes for a protein that influences blood cholesterol levels,
is associated with increased risk for late-onset Alzheimer disease in Caucasians.”? The
APOE locus has three common population variants, of which one, E4, is linked to increased
risk for Alzheimer disease. In studies involving Caucasian populations, inheritance of one
copy of the E4 variant, about a quarter of that population,” approximately doubles lifetime
Alzheimer disease risk,” from a general population risk of about 15 percent.” Inheritance
of two copies of the APOE4 variant, about 2 to 3 percent of the Caucasian population,’®
poses a higher lifetime relative risk for the disease.”’

While this increased risk is significant, inheritance of an E4 variant of the APOE
gene is neither necessary nor sufficient to cause Alzheimer disease.”® Other factors
influence disease incidence, including other “risk” genes and environmental factors.”

O N. A. Holtzman, “Scale-Up Technology: Moving Predictive Tests for Inherited Breast, Ovarian, and
Colon Cancers from the Bench to the Bedside and Beyond,” Journal of the National Cancer Institute
Monographs 17 (1995): 95.

L C. L. Lendon, F. Ashall, and A. M. Goate, “Exploring the Etiology of Alzheimer Disease Using
Molecular Genetics,” Journal of the American Medical Association 277 (1997): 825.

2 R. Mayeux and N. Schupf, “Apolipoprotein E and Alzheimer’s Disease: The Implications of Progress in
Molecular Medicine,” American Journal of Public Health 85 (1995): 1280; O. Kosunen et al., “Relation of
Coronary Athlerosclerosis and Apolipoprotein E Genotypes in Alzheimer Patients,” Stroke 26 (1995): 743;
see also Chapter 3, page 67.

8 L. M. McConnell et al., “Genetic Testing and Alzheimer Disease: Has the Time Come?” Nature
Medicine 4 (1998): 757, 758.

4 M. Morrison-Bogorad, C. Phelps, and N. Buckholtz, “Alzheimer Disease Comes of Age: The Pace
Accelerates,” Journal of the American Medical Association 277 (1997): 837.

5S. G. Post et al., “The Clinical Introduction of Genetic Testing for Alzheimer Disease: An Ethical
Perspective,” Journal of the American Medical Association 277 (1997): 832.

76 Mayeux and Shupf, “Apolipoprotein E and Alzheimer Disease,” 1281; McConnell et al., “Genetic
Testing and Alzheimer Disease,” 758.

" Morrison-Bogorad, Phelps, and Buckholtz, “Alzheimer Disease Comes of Age,” 837. Based on some
studies, individuals with two copies of the APOE4 variant have a 5.1- to 17.9-fold increased risk.

8 Mayeux and Shupf, “Apolipoprotein E and Alzheimer Disease,” 1281.

S Morrison-Bogorad, Phelps, and Buckholz, “Alzheimer Disease Comes of Age,” 837; D. L. Price, S. S.
Sissodia, and D. R. Borchelt, “Alzheimer Disease — When and Why,” Nature Genetics 19 (1998): 314.



Inherited Cancer Susceptibility Mutations

Cancer results from acquired gene mutations and can be considered a
multifactorial genetic disorder.®’ Scientists have discovered three types of genes that,
when mutated, predispose a cell to cancer.8® The first type, oncogenes, encode for
proteins whose normal function is to accelerate cell growth. Mutated oncogenes act
dominantly to keep the cell continually dividing. The second type, tumor suppressor
genes, code for proteins whose normal function is to act as “brakes” on cell growth and
division. Mutant tumor suppressor genes work in a recessive fashion. The mutant
phenotype (lack of cell brakes) manifests only when both copies of the gene are affected,
resulting in no functional protein. The third type, DNA repair genes, code for proteins
that act as the cell’s “proofreaders” for newly copied DNA every time a cell divides. A
mutation that impairs one of the cell’s DNA proofreaders increases the chance that new
mutations in other cancer-related genes will go uncorrected and a cell will become
cancerous.

In a minority of cancers, the first mutation that starts the process of cell
deregulation is inherited. Approximately twenty highly familial cancer syndromes have
been described. In some cases, inheritance of identified gene mutations pose a 100
percent risk of cancer; one example is a rare form of familial colon cancer.82 In other
cases, inheritance of a familial susceptibility mutation increases cancer risk but does not
guarantee that a person will develop cancer.®® All the cells of individuals who inherit
these susceptibility mutations have taken a first step toward cancer, but additional
mutations must occur before any cell becomes cancerous.®*

An example of a strong familial cancer susceptibility mutation is a mutant gene
variant of the breast cancer susceptibility 1 (BRCAL1) gene. Inheritance of a mutant
BRCAL1 gene variant increases lifetime risk of breast and ovarian cancer in women but
does not always result in cancer.®® For any cell to become cancerous, mutation of the
second (normal) BRCA1 gene copy and other genes must occur. Moreover, inheritance
of the same mutant variants of the BRCA1 gene within different families confers different
degrees of risk.® This difference reflects the influence of other inherited genes and
environmental factors in the development of breast cancer.

80 See page 11, this chapter.

81 American Cancer Society, Cancer and Genetics, 32-33.

82 This form of colon cancer is called familial adenomatous polyposis (FAP). For a discussion, see Chapter
2, page 44; see also Chapter 8, page 222.

8 It is estimated that 5 to 10 percent of cancers show some familial inheritance. National Cancer Institute,
Understanding Gene Testing, NIH Publication No. 97-3905 (Bethesda, MD: National Institutes of Health,
1997), 12, and National Institutes of Health website: http://www.rex.nci.nih.gov/PATIENTS/
INFO_TEACHER/bookshelf/ NIH_gene_testing/gene00.html, visited July 7, 2000.

8 American Cancer Society, “Cancer and Genetics,” 32—-34.

8 See Chapter 3, page 64.

8 B. Healy, “BRCA Genes — Bookmaking, Fortune-Telling, and Medical Care,” New England Journal of
Medicine 336 (1997): 1448. A woman with a strong family history of breast or ovarian cancer, or both,



Chromosomal Disorders

During meiosis and mitosis, errors in chromosomal recombination or segregation
can result in chromosomal aberrations. There are two types of chromosome disorders:
changes in the number of chromosomes, called aneuploidy, and chromosome
translocation.®” Translocation results from transfer of a chromosome segment, usually
containing many genes, onto another part of the same or another chromosome. When
unbalanced translocation of chromosomal segments occurs during meiosis, one daughter
cell gains an extra chromosomal segment, and another daughter cell loses that segment.
Chromosomal aberrations often occur spontaneously in families and generally result in
significant developmental abnormalities.

Chromosomal disorders also are called cytogenetic disorders. They are often
severe enough to spontaneously terminate fetal development; half of first trimester
spontaneous abortions are attributed to chromosomal disorders.®8 Over sixty identified
chromosomal disorders are collectively more common than single-gene disorders,
affecting 7 in 1,000 live births.®® These include Down syndrome, also called trisomy 21,
which results from inheritance of an extra copy of all or specific portions of chromosome
21.%

Mitochondrial Gene Disorders

Mitochondrial DNA accounts for a tiny percentage of the cell’s DNA coding
instructions, but some genetic disorders are associated with mutant mitochondrial genes.
Since mitochondria are not in the cell nucleus, the inheritance pattern of a mutant
mitochondrial gene is distinct from those discussed earlier.®® During fertilization, the
sperm contributes only nuclear material.  Generally, all extranuclear components,
including mitochondria, derive completely from the egg. As a result, transmission of
mitochondrial DNA is from mother to children of both sexes; there is no paternal
contribution. An example of a mitochondrial gene disorder is Leber disease, a rare
maternally inherited disease that results in blindness in young adults.®2

who has an inherited BRCA1 mutation has an 85 percent lifetime risk of developing breast cancer. BRCA
gene mutations may confer a lower lifetime risk for women outside these families. For a discussion, see
Chapter 3, page 64.

87 See Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 162-169.

% |bid., 169.

8 Thomas, Mclnnes, and Willard, Genetics in Medicine, 7, 21.

% Ibid., 219-221.

%1 See Chinnery and Turnbull, “Mitochondrial DNA and Disease”; see also page 10, this chapter.

9 A. Soumalainen, “Mitochondrial DNA and Disease,” Annals of Medicine 29 (1997): 235.



Gene Discovery and the Human Genome Project
Gene Discovery

Since the 1980s, researchers have used the tools of molecular biology to identify
human genes and genes of other animals species, including fruitflies and mice, to study the
role of specific genes in health and disease. The basic technique of molecular biology used
is called DNA cloning, in which scientists isolate a copy of a particular segment of DNA,
such as a specific gene, and copy that particular DNA segment millions of times, generating
a pure and reproducible source.®®* Once isolated in pure form, researchers can analyze the
base sequence of the cloned DNA and use normal and modified versions of a cloned gene in
functional studies.

Functional Gene Cloning

The oldest approach to gene identification is functional gene cloning, in which
researchers start by identifying key proteins involved in a physiological process of interest.
Once researchers identify a specific protein, they can isolate it and analyze its amino acid
composition. From this amino acid sequence information, researchers can work
“backwards” to deduce the gene sequence and then scan for that sequence in the genome.

Positional Cloning

Researchers also have used an approach called positional cloning to identify human
genes that, when mutated, result in single-gene diseases such as cystic fibrosis and
Huntington disease. This approach is based on use of human chromosome “maps” that
identify thousands of DNA markers that can be distinguished among different individuals in
a population. These gene discoveries have resulted from years of painstaking research,
generally involving large families and population groups that are at special risk for specific
heritable disorders.*

In this approach, researchers collect blood samples from affected and unaffected
family members and test them for hundreds of identified DNA markers that map to all
twenty-four chromosomes, looking to see if one or more markers are co-inherited with the

% For DNA cloning, researchers start with a purified DNA preparation (e.g., a preparation of genomic
human DNA prepared from a blood sample). They cut the long DNA strands into fragments of several
hundred to several thousand bases long and combine the mixture with another source of cut DNA, known as
vector DNA. Vector DNA is a special type of DNA that normally undergoes million-fold replication when
reintroduced into its normal host cell, commonly bacteria. In cloning, the inserted human DNA fragments
are copied along with the vector; specific fragments of interest can be isolated in relatively high copy
number and pure form. A set of clones containing all DNA fragments of an individual genome is called a
genomic library.

% For a discussion, see B. Merz, “Kinships That Hold Clues to Disease,” in Blazing a Genetic Trail,
Howard Hughes Medical Institute website: http://www.hhmi.org/genetictrail, visited July 10, 2000; see also
Chapter 2, page 36.



disorder. If so, researchers can map the gene for the disorder to that region, using
computer-aided analysis. When the chromosomal position is narrowed sufficiently,
researchers can target a specific stretch of DNA for sequence analysis and identify the
gene of interest that is linked to the marker. Positional cloning has identified genes
associated with over 100 highly penetrant gene disorders, including Huntington disease
and cystic fibrosis.? In the last several years, as the Human Genome Project generated
progressively greater numbers of DNA markers, the positional cloning approach has
become faster and easier. Whereas positional cloning of the CFTR gene, associated with
cystic fibrosis, required about 100 researchers and ten years, a more recent discovery of
another single-gene disease-associated gene required only a few researchers and a single
year.%

Animal Models

For human gene discovery and analysis, scientists also can use various animal
models, including mice. The mouse genome is very similar to the human genome,
containing mouse homologues (related copies) for most human genes.®” For decades,
researchers have derived “strains” of mice that are virtually genetically identical to each
other by a process of brother-sister matings over many generations. Mice live only two to
three years and female mice can produce multiple litters of up to ten baby mice each, with
each pregnancy lasting only about twenty days. These factors allow researchers to
identify and analyze the role of specific genes in mice more easily than in humans.%

Animal models also provide a way for researchers to perform gene modification
experiments that would not be possible in humans. For the last two decades, researchers
have been able to genetically modify a targeted gene in one mouse and establish a new
mouse strain from it; this new “transgenic” strain is identical to the original strain except for
the one targeted gene modification.”® Scientists have created hundreds of transgenic mouse
strains, each containing a particular modified, added, or deleted gene. These models allow
scientists to study the effect of a single gene modification on traits or disorders by comparing
the transgenic animals to their unmodified “twin” strain.

% Collins, “Medical and Societal Consequences of the Human Genome Project,” 30.

% R. Weiss, “For DNA, a Defining Moment,” Washington Post, May 23, 2000, A01. CFTR stands for
cystic fibrosis transmembrane regulator.

9 See “The Mighty Mouse,” in To Know Ourselves, U.S. Department of Energy Human Genome Project
Information website: http://www.ornl.gov/hgmis, visited July 10, 2000.

% See S. Blakesee, “Knocking Our Genes Out to Mimic or Cure Disease,” in Blazing a Genetic Trail,
Howard Hughes Medical Institute website: http://www.hhmi.org/genetictrail, visited July 10, 2000.

% As mice, similar to humans, have two copies of each gene, scientists can alter one or both gene copies.
Transgenic mice often contain an additional, inserted copy of a modified gene. See O. Smithies, “Animal
Models of Human Genetic Diseases,” Trends in Genetics 9 (1993): 112. Transgenic mice that have had
both functional copies of a particular gene permanently deleted from the genome are called “knockout”
mice. See M. R. Capecchi, “Targeted Gene Replacement,” Scientific American 270 (1994): 52.



For example, scientists created transgenic mice that had a mutation in the gene
associated with the human autosomal recessive disorder Huntington disease.’® Creation of
this transgenic mouse, in which the huntingtin gene contains an increased number of CAG
repeats,'%* allows scientists to study the molecular and physiological processes of Huntingon
disease onset and environmental factors that may influence it. Transgenic mice also allow
studies of possible medical interventions.

The Human Genome Project
Gene Mapping and Identification

The Human Genome Project was launched in 1990 as an international, publicly
funded research project to determine the DNA sequence of all three billion bases of the
human genome and to “map” all the human genes to the twenty-four human chromosomes.%?
In the United States, the major agencies that fund and oversee Human Genome Project
research are the National Human Genome Research Institute (NHGRI) and the U.S.
Department of Energy (DOE).X® Initial project goals also included the following: (1)
sequencing of other “model organisms,” including microbial, roundworm, and fruitfly
genomes, to provide comparative information needed to understand how the human genome
functions;*** (2) development of DNA sequencing and analysis technologies to enable
completion of project goals; and (3) addressing potential ethical, legal, and social
implications of sequencing the human genome.%®

The main goal of the Human Genome Project was to establish a complete DNA
map for all twenty-four human chromosomes by 2005.1% Project plans were reorganized
and accelerated in 1998, in response to an announcement by a private Maryland-based
company, Celera Genomics, that it would use a new generation of DNA sequencing
technology and a somewhat different technical approach to sequence the human genome

190 For a discussion of Huntington disease, see page 16, this chapter. For a discussion of the use of
transgenic mice in Huntington disease studies, see N. Wexler, “The Human Genome — Prognostications
and Predispositions,” in Annals of the New York Academy of Sciences 882 (1999): 22, 27-28.

101 For a discussion of trinucleotide repeat mutations, see page 10, this chapter.

102 Rowen, Mahairas, and Hood, “Sequencing the Human Genome,” 605. For a detailed description of the
Human Genome Project’s approaches and progress, see the U.S. Department of Energy Human Genome
Project Information website: http://www.ornl.gov/hgmis, and the National Human Genome Research
Institute website: http://www.nhgri.nih.gov.

103 See National Human Genome Research Institute website: http://www.nhgri.gov, visited July 7, 2000;
U.S. Department of Energy Human Genome Project Information website: http://www.ornl.gov/hgmis,
visited July 7, 2000. The major international partner is the Sanger Center in Cambridge, England, funded
by the Wellcome Trust.

104 See U.S. Department of Energy, Understanding Our Genetic Inheritance, The Human Genome Project,
The First Five Years: Fiscal Years 1991-1995 (April 1990, NIH Publication No. 90-1050), U.S.
Department of Energy Human Genome Project website: http://www.ornl.gov/hgmis/project/5yrplan/
summary.html, visited July 7, 2000.

105 |bid. For further discussion, see Chapter 11, page 318.

106 U.S. Department of Energy, Understanding Our Genetic Inheritance, The Human Genome Project, The
First Five Years.



independently.’®” In June 2000, five years ahead of schedule, the international public
consortium and Celera Genomics jointly announced that they had completed, or were very
close to completing, this goal.*%®

Once the ordering of all three billion letters of the human genome is complete,
however, much work still remains. The next major task is annotation of the data, using
bioinformatics — the use of computer tools to sift through the mounds of sequence data and
identify individual genes that comprise only about 3 percent of the human genome.’*®® One
commentator reports that new databases and computer programs to annotate the human
genome “are cropping up monthly” and will provide the “sextant, compass and charts that
will enable researchers to navigate the genome.”*'® Most agree that complete annotation is
likely to take years.!!

In addition to using computer programs that scan the genome for recognizable
sequences of DNA that are characteristic to the coding sequences of genes, another useful
approach in pinpointing human genes and gaining insight into their function is comparative
genomics — comparison of the human genome sequence with the genome of other
organisms, including mice and other mammals.'*? Both the Human Genome Project public
consortium and Celera Genomics have announced their intentions to sequence the three
billion bases of the mouse genome.!*® Researchers at Celera Genomics predict that when
they “overlay” the human and mouse genomes, they may be able to find many of the 35
percent of human genes missed by other approaches.'!*

Bioinformatics and comparative genomics, along with research of thousands of
scientists working to unravel the basic biology of specific physiological processes, will speed
the annotation process. NHGRI Director Francis Collins predicts that all genes involved in
the 4,000 or so single-gene disorders will be identified within the next three to five years and

107 See C. J. Venter et al., “Shotgun Sequencing of the Human Genome,” Science 280 (1998): 1540; see
also E. Pennisi, “Finally, the Book of Life and Instructions for Navigating It,” Science 288 (2000): 2304.

108 E, Marshall, “Rival Genome Sequencers Celebrate a Milestone Together,” Science 288 (2000): 2294; R.
Weiss and J. Gillis, “Teams Finish Mapping Human DNA,” Washington Post, June 26, 2000, A01; Pennisi,
“Finally, the Book of Life and Instructions for Navigating It,” 2304. The public consortium’s “composite”
genome data are characterized as a “working draft” that includes about 97 percent of the genome; about 85
percent has been mapped to specific chromosomal regions. Celera Genomics had not released its raw data
but claimed it to be “99 percent done.” Weiss and Gillis, “Teams Finish Mapping Human DNA.”

199 For a discussion of bioinformatics, see B. Goodman, “Blossoming Bioinformatics — The Princeton
Bioinformatics Symposium,” H.M.S. Beagle website: http://www.hmsbeagle/74/notes/meeting, visited
March 20, 2000.

110 Pennisi, “Finally, the Book of Life and Instructions for Navigating It,” 2306.

11 Ibid., 2307; F. S. Collins et al., “New Goals for the Human Genome Project: 1998-2003,” Science 286
(2000): 682, 687.

112 8ee S. J. O’Brien, “The Promise of Comparative Genomics in Mammals,” Science 286 (2000): 458.

113 Pennisi, “Finally, the Book of Life and Instructions for Navigating It,” 2307.

114 1bid. In 2000, Celera Genomics announced it has already finished half the mouse genome sequence and
will complete within the year.



that most genes that affect risk for more common complex diseases will be identified within
seven years.''®

Gene Variation and Function in Health and Disease

The initial focus of the Human Genome Project has been on generation of a
“reference” or “composite” genome sequence, derived from analysis of anonymous DNA
samples provided by a limited number of persons, which highlights the set of human
genes that all humans share.!!® The next steps will focus on: (1) DNA sequence
variations that exist for specific genes in the human population and may affect disease
risks; (2) differences in how those genes are expressed, or “turned on,” to produce mRNA
and protein in different healthy and diseased tissues; and (3) the structure and function of
the protein products of newly discovered genes.

Identification of Gene Variants

Positional cloning studies can identify human gene variants that cause fully or
highly penetrant disorders within families, such as Huntington disease or breast cancer
linked to BRCA gene mutations. When a particular gene variant has a more subtle and
variable effect on a trait or disorder, as for most common complex disorders, discovering
the links between the gene variant and a disorder is much more difficult. The science that
studies the association of these genetic variants with disease in population groups is
molecular epidemiology.*” Population-based studies, called association studies, compare
the prevalence of particular DNA markers in unrelated individuals affected or unaffected
by a particular disorder.®

One valuable form of DNA marker is a single-base variant known as a SNP
(single nucleotide polymorphism, pronounced “snip”).!® A SNP is a base position in the
genome in which two alternative forms occur in the human population at a frequency of
greater than 1 percent. SNPs occur about once every 300 to 1,000 bases of the human
genome in both coding and noncoding sequence and contribute to variations of traits and
disease risk in the human population.’?® In July 2000, a nonprofit consortium of
pharmaceutical companies and academic centers'?! and the U.S. Human Genome Project
announced that they will work together to identify and place in the public domain

115 | bid.

116 Tbid., 2305; N. Wade, “Whose Genome Is It Anyway? In a Way, Nobody’s,” New York Times, June 27,
2000, F2. The public consortium project used about ten anonymous donors.

17 D, Ellsworth, D. M. Hallman, and E. Boerwinkle, “Impact of the Human Genome Project in
Epidemiological Research,” Epidemiological Reviews 19 (1997): 3; see also Chapter 11, page 314.

118 For a discussion of association studies, see J. A. Todd, “Interpretation of Results from Genetic Studies of
Multifactorial Diseases,” The Lancet suppl. 1 (1999): 15.

19 D. G. Wang et al., “Large-Scale Identification, Mapping, and Genotyping of Single-Nucleotide
Polymorphisms in the Human Genome,” Science 280 (1998): 1077.

120 Collins, “Medical and Societal Consequences of the Human Genome Project,” 32; Hagmann, “A Good
SNP May Be Hard to Find,” 21: Cantor, “How Many SNPs Are Enough?”

121 The consortium is called the SNP Consortium Ltd., website: http://snp.cshl.org, visited February 28,
2000.



125,000 to 250,000 human SNPs.1?2 One commentator remarked that this collaborative
venture “will speed the development of comprehensive markers that are key to the
development of . . . personalized genetic-based medicine.”*?3

Gene Expression Studies

A complementary approach to understanding gene function and its relation to
disease is to sample different human tissues in both healthy and diseased individuals and
to compare which genes are “turned on” and “turned off” in healthy and diseased tissues.
To do this, researchers produce and compare “complementary” DNA (cDNA) samples
from tissue-specific MRNA.1?* By analysis of specific cDNA “expression profiles,” from
different types of healthy tissues, researchers can determine which genes are important for
specific tissues and functions, for example, neuronal functions in the brain.'?® Variations
in the types and levels of specific cDNAs in healthy and diseased tissue, for example, in
normal versus cancerous breast tissue, can provide information about the roles of
particular genes in disease processes.

Protein Studies

Proteins are the specific products encoded by genes that form the body and
perform virtually all of its biochemical functions. With completion of the human genome
sequence, many in the research community, including Celera Genomics, see a next logical
step as proteomics — “an effort to identify all the proteins expressed in an organism and
then track their ebb and flow.”'?® Researchers also can analyze the protein “profiles” in
both healthy and diseased tissues.'?’

Working from genomic and protein profile data, researchers can go a step further and
make pure preparations of specific proteins to study their structure and function, referred
to by some as “structural genomics”'?® and “functional genomics.”'?® Approaches

122 K. Pallarito, “Human Genome Project, SNP Consortium Collaborate on New Genetic Markers,” Reuters
Health Information, July 12, 2000, website: http://www.reutershealth.com, visited July 12, 2000; see also
E. Marshall, “Drug Firms Create Public Database of Genetic Mutations,” Science 284 (1999): 406.

123 Pallarito, “Human Genome Project, SNP Consortium Collaborate on New Genetic Markers” (quoting
Dr. Paul Billings, cofounder of the San Francisco-based genetic information and consulting firm
GeneSage).

124 See page 7, this chapter. cDNA is a stable copy of mMRNA. See Chapter 2, page 37.

125 1 ander, “The New Genomics,” 537-538.

126 R. F. Service, “Can Celera Do It Again?” Science 287 (2000): 2136.

127 K. Fodor, “Celera Shifts to Patentable Discoveries,” Reuters Health Information, June 28, 2000,
website:

http://www.reutershealth.com/archive, visited June 28, 2000.

128 See A. Pollack, “The Next Chapter in the Book of Life Is Written in the Proteins,” New York Times, July
4, 2000, F1.

129 P, Heiter and M. Boguski, “Functional Genomics: It’s All How You Read It,” Science 278 (1997): 601;
S. Fields, “The Future Is Function,” Nature Genetics 15 (1997): 325.



include the use of techniques such as X-ray crystallography or nuclear magnetic
resonance to study a protein’s unique structure.®® Proteins, with their twenty amino acid
alphabet “letters,” are structurally more complex than genes, containing numerous loops
and folds. These studies can provide important clues about the physiological function of a
protein — for example, whether it occurs in a cell membrane, is a secreted molecule, or is
likely to bind to DNA, in which case it may have a job in regulating the “turning on” of
other genes. Protein structure also can guide researchers in drug design, for example, by
knowing what part of a protein to block to prevent its activity.’3! Another approach to
studying protein function is to identify the other, sometimes better defined, proteins that
bind to and work with the new protein of interest.'*?

Conclusion and Outlook

As the follow-up stage of human genome research continues, researchers will not
only discover new genes and proteins but also will eventually identify how gene
expression is regulated and how different gene and protein expression profiles are linked,
in concert with environmental factors, to health and disease. In the more distant future,
this will enable scientists to identify the molecular components of disease pathways and
to design medical interventions. In the next several years, many predict, it will lead to
expanded development of predictive genetic tests and to a form of medical practice
tailored to the inherited genetic variations among individuals, the subject of this report.

130 Pollack, “The Next Chapter in the Book of Life Is Written in the Proteins.”
131 |bid.
132 Fields, “The Future Is Function,” 325.






Introduction to Genetic Testing and Screening

Genetic testing is the use of laboratory procedures to identify specific variations in
the form or number of genes or chromosomes in an individual. In this report, we are
focusing on tests to detect inherited gene variants present in virtually every cell of an
individual, not acquired mutations that happen in single cells during the course of an
individual’s lifetime.! In the clinical setting, genetic testing is used to diagnose or predict
particular disorders for individuals and/or their descendants. Currently, clinical genetic
testing to diagnose or detect predispositions to over 400 genetic disorders is available.?

In the clinical context, the terms genetic testing and genetic screening are
sometimes used interchangeably, although they have distinct meanings. The term genetic
testing generally refers to testing targeted to an individual based on a perceived risk
because of that individual’s family and/or medical history. The term genetic screening
refers to systematic population-based genetic testing, independent of family history or
disease symptoms.® Screening can be targeted to an entire population or to specific
subpopulations, based on known risks for population groups. An example of population-
based screening is screening of newborns for specific inherited disorders, such as
phenylketonuria (PKU), which is required by law in all states.* In some screening
programs, an initial, less precise, test may be used to target a smaller population of
potentially at-risk individuals for more precise follow-up genetic testing.

Uses of Genetic Testing and Screening

Genetic tests are performed for different purposes and at different points in an
individual’s lifetime. The major categories of genetic testing and screening are outlined in
this section.

! For a discussion of acquired mutations and their role in cancer, see Chapter 1, page 11.

2 GeneTests™, a genetic testing resource funded by the National Library of Medicine of the National
Institutes of Health and the Maternal and Child Health Bureau of the Health Resources Services
Administration, website: http://www.genetests.org, visited May 9, 2000. As of May 2000, laboratories
registered with GeneTests™ offered clinical genetic tests, for which testing results are provided to
individuals tested, for 419 disorders. Registered laboratories also offer research testing, an earlier stage of
test development in which results are not provided to the individual tested, for several hundred additional
disorders.

3 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks: Implications for
Health and Social Policy, ed. L. B. Andrews et al. (Washington, D.C.: National Academy Press, 1994), 4,
65. For a discussion of genetic screening, see Chapter 5.

4 See page 40, this chapter; for a discussion of newborn screening, see Chapter 6.



Genetic Testing to Diagnose Disorders

Diagnostic genetic testing may be performed to obtain information about an
individual’s genetic makeup for the purpose of confirming a diagnosis based on symptoms.®
Generally, clinicians perform diagnostic genetic testing when a patient shows signs and/or
symptoms of a single-gene disorder — one in which inheritance of a single mutated gene
variant, or pair of gene variants, leads to disease with virtual certainty.® In the clinical
setting, examples include DNA-based gene testing to confirm the diagnosis of cystic fibrosis
in a young child with recurrent pulmonary infections and testing for X-linked muscular
dystrophy (Duchenne/Becker) in a boy who shows characteristic muscle weakness and loss
of motor control.’

Predictive Genetic Testing and Screening

Predictive testing is performed on healthy, asymptomatic persons to confirm or
exclude a perceived risk for a future genetic condition in the persons themselves or in
their descendants. In this report, we consider predictive genetic testing to include
newborn screening tests,® reproductive testing, and testing of individuals for late-onset
disorders.® The goal of predictive testing often is to prevent the manifestation of
genetically based disorders in individuals and/or their descendants. Intervention to
prevent the manifestation of genetic diseases in individuals who have inherited
susceptibility mutations®® is called phenotypic prevention.!! Genotypic prevention is the
prevention of the transmission of disease-associated mutations to new generations.*2

In addition to disease-associated testing to predict future health risks, genetic
testing also includes pharmacogenetic testing to individualize drug treatments to obtain
maximal benefit and minimal adverse effect for each patient.’* Eventually, it also is
likely to include genetic testing to determine an individual’s risk susceptibility for
specific environmental agents, including workplace chemicals.'*

5 This definition will be used throughout this report; the term diagnostic testing also may be used more
broadly to include predictive testing of asymptomatic individuals.

& For a discussion of single-gene diseases, see Chapter 1, page 14.

" Diagnostic testing also may be performed to test for acquired mutations in a cancer biopsy specimen. For
example, alterations to a gene called HER-2 are detectable in 30 percent of primary breast cancer biopsies
and indicate patients that are likely to respond to a particular chemotherapeutic agent. S. J. Nass, H. A.
Hahm, and N. E. Davidson, “Breast Cancer Biology Blooms in the Clinic,” Nature Medicine 4 (1998): 761.
8 For a discussion of newborn screening, see Chapter 6.

% For a discussion of reproductive and late-onset genetic testing, see Chapter 3.

10 See Chapter 1, page 18; see also Chapter 3, page 62.

1 E. T. Juengst, “Caught in the Middle Again: Professional Ethical Considerations in Genetic Testing for
Health Risks,” Genetic Testing 1 (1997/1998): 189, 197.

12 1hid.

13 For a discussion of pharmacogenetics, see Chapter 3, page 74.

14 For a discussion of biomarkers of susceptibility, see Chapter 3, page 75.



Genetic Testing for Research

Residual tissue or blood samples obtained for clinical or research purposes may be
used for genetics research. For example, researchers may use tissue samples from
individuals from families with a history of a genetic disorder in research to identify a gene
linked to the disorder.® This approach has been used to identify over 100 genes
associated with generally rare single-gene disorders such as Huntington disease and cystic
fibrosis. As more genes are discovered, research efforts will progressively attempt to link
variants of specific genes with increased susceptibility to more complex disorders.®

Identification Testing

Each individual has a unique genome, and genetic analysis of an individual’s
DNA variations can produce a type of unique identifier. DNA-based identification
testing is used for forensic testing (including crime scene investigations), paternity
testing, and other attempts to confirm or rule out family relationships among individuals.
This form of testing also is called profile analysis.'’

Laboratory Methods of Genetic Testing

A genetic test may search for genetic variation directly by analysis of DNA
(DNA-based testing) or of chromosomes (cytogenetic testing). This form of testing is
called genotypic testing. Phenotypic testing analyzes protein and metabolic products in
the body that result from the presence or absence of certain gene variants.

DNA-Based Testing

DNA-based testing is the most direct method of genetic testing, and it is widely
used for medical testing'® and for identification purposes. The intent of DNA-based
testing is to determine which variant forms of a gene (alleles) an individual possesses.®
DNA-based testing for inherited gene variants can be conducted using any tissue source
and at any point in a person’s life, from a pre-implantation embryo (in cases where in vitro

15 See Chapter 1, page 21.

16 See Chapter 11, page 314.

7 For a discussion of DNA technologies used for profile analysis, see page 33, this chapter.

18 A GeneTests™ survey of United States laboratories that provide clinical genetic testing (conducted June
6, 1998) showed that for fifty genetic disorders for which tests were offered by the largest number of
laboratories (nine to eighty-four laboratories), forty-four disorders were most frequently tested for by direct
DNA-based testing. (Four were tested for most frequently by FISH [see page 39, this chapter] and two by
indirect linkage analysis [see page 36, this chapter].) Summary report on genetic testing from the
GeneTests™ (formerly Helix) Database, in rank order by the number of labs testing for the disease.

19 See Chapter 1, page 11.



fertilization technologies® are used) until, and even after, death.22 DNA-based testing may scan
all or part of a gene associated with a disorder to search for any possible mutation that might
impair gene function. Alternatively, it may focus on particular gene variants known to be
associated with susceptibility to disease.?? For example, inheritance of one of three variants of
the apolipoprotein E (APOE) gene is associated with increased risk of Alzheimer disease in some
populations.?

DNA Analysis
Southern and RFLP Analysis

In Southern analysis, investigators can process and analyze different genomic DNA
samples to look for particular gene variants. A diagram of the process is shown in Figure 4.24
The starting material is genomic DNA, obtained from a tissue sample such as blood or cheek cell
scrapings. The sample contains long strands of DNA molecules that are cut using enzymes that
act at specific DNA base sequences (“spellings”). Cutting generates millions of DNA fragments
that are several hundred to tens of thousands of base pairs long.?® Investigators place the
fragmented DNA samples from one or more individuals at different positions along the top of
rectangular gel, along with control samples.?® An electric current is applied along the length of
the gel, separating the DNA fragments of each sample according to size. The separated DNA
samples in the gel then are transferred to a filter paper.

The next step is based on a fundamental process used in many DNA-based testing
techniques, called nucleic acid hybridization. Hybridization occurs when two single-
stranded DNA molecules combine and form a double-stranded molecule.?”  Molecules
combine based on the principle of “base pair complementarity,” by which each of the
four chemical bases of DNA bind to a specific counterpart — A to T and C to G.% Using

20 In vitro fertilization technologies use laboratory techniques to mix egg and sperm cells in laboratory
dishes and generate embryos that are later implanted into the prospective mother’s uterus. See New York
State Task Force on Life and the Law, Assisted Reproductive Technologies — Analysis and
Recommendations for Public Policy (New York State Task Force on Life and the Law: New York, April,
1998). See also Chapter 3, page 53.

21 Testing can be performed using stored tissue samples years after a person’s death.

22 For a discussion of allele variation, see Chapter 1, page 11.

23 See Chapter 1, page 18; for a discussion of genetic risk for Alzheimer disease, see Chapter 3, page 67.

24 See Appendix B, page 406.

% DNA-cutting enzymes, called restriction enzymes, cut at “motifs” of four, six, or eight base pairs,
generating average sized fragments of <300, 4,000, and 64,000 base pairs, respectively. There are hundreds
of different restriction enzymes, each cutting at a specific motif. For more information about DNA
restriction and cloning, see the U.S. Department of Energy Human Genome Project Information website:
http://www.ornl.gov/ngmis/fag/fagsl.html, visited April 7, 1998.

% For any test, prior research determines which cutting enzyme to use and what variants to look for.
Controls are reference samples of normal and identified mutant variants to which test samples are
compared.

27 Hybridization also can occur between a single-stranded DNA molecule and an RNA molecule. See page
37, this chapter.

28 See Chapter 1, page 6.



this principle, investigators design “probes,” single-stranded DNA molecules containing a
specific base sequence that will bind only with matching single-stranded genomic DNA
on the filter.?® For example, a DNA strand with the sequence A-T-G-A-T-A-G-G-C-T-T-
A-G-T-T-G-C-A will bind specifically to its complementary sequence, T-A-C-T-A-T-C-
C-G-A-A-T-C-A-A-C-G-T.

The probe is tagged with radioactive marker® and added to a fluid that bathes the
filter, allowing it to hybridize specifically to complementary DNA in samples on the
filter. The investigator then rinses the filter and places a piece of X-ray film on top of the
filter. Hybridized fragments in each sample show up as dark bands on a light background
of the film. For example, if the particular DNA fragment of interest in one sample has
undergone a large DNA deletion mutation inside the cutting sites,3! the size difference
between that fragment and the larger normal-sized fragment of another sample would
affect their movement through the gel — the smaller fragment would migrate faster.
Differences would be detectable on the X-ray film.

Southern analysis can detect variants in genomic DNA of even a single base
because mutation of a single base can change the susceptibility of a DNA segment to
DNA-cutting enzymes.®? For example, an enzyme called Hindlll recognizes and cuts the
sequence motif AAGCTT. If a single base is changed — for example, the G is changed
to A, generating the new sequence motif AAACTT — the site will not be cut. As a
result, cutting occurs at different sites for the different variants, generating different size
fragments on the filter. This approach has been used to distinguish normal and sickle cell
beta globin gene variants, which vary by a single base.*

The use of Southern analysis specifically to determine genomic variation among
individuals is called RFLP (restriction fragment length polymorphism) analysis. RFLP
analysis is used for individual identification, or profile analysis. Profile analysis focuses
on DNA sequences at particular genomic “landmarks” that show common variant forms
within a population. The landmarks examined do not provide medical information and
generally are repetitive stretches of noncoding DNA.3* These repetitive segments are
composed of a short “core” sequence that is repeated many times. All individuals share a
particular landmark, but they show variability in the number of repeats and the overall
size of the landmark. These size differences can be detected by Southern RFLP

2 The probe may consist of any genomic fragment (coding or noncoding DNA) that has been cloned to
generate many copies. For Southern analysis, probes are generally hundreds of bases long, and their ability
to bind to DNA on the filter does not require 100 percent complementarity. For very short DNA probes of
fifteen to twenty bases, 100 percent complementarity is needed. For discussion, see R. W. Thompson, R. R.
Mclnnes, and H. F. Willard, Genetics in Medicine, 5th ed. (Philadelphia: W. B. Saunders Company, 1991),
104-108.

30 Fluorescent labels also may be used.

31 A deletion or insertion mutation of 100 bases or more would be detectable.

32 Mutation also can create newly susceptible sites for cutting that are not present in the original sequence.

33 Thompson, Mclnnes, and Willard, Genetics in Medicine, 253; J. C. Chang and Y. W. Kan, “A Sensitive
New Prenatal Test for Sickle Cell Anemia,” New England Journal of Medicine 307 (1982): 30.

34 See Chapter 1, page 9.



analysis.>® RFLP analysis of multiple landmarks generates a complex pattern, called a
“genetic fingerprint,”®*® which may be sufficient to rule out or confirm identity, for
example, of a criminal suspect.®’

PCR Analysis

Polymerase chain reaction (PCR), developed in the mid-1980s, has greatly
expanded the range of DNA-based testing. PCR copies, or “amplifies,” targeted
segments of genomic DNA up to a billion-fold, within a few hours.®® It can be performed
using minute samples, even a single cell. As a result, PCR is used widely for medical
genetic testing and forensic identification purposes.

To perform PCR, investigators place each genomic DNA sample in an individual
test tube and heat the samples to generate the single-stranded form of DNA. To each
sample, they add a DNA-copying enzyme, nucleotide building blocks (A, C, G, and T)
with which to make the copies, and pairs of short DNA segments called “primers.”
Primers, similar to probes, are short DNA strands that bind to specific segments of the
genomic DNA sample based on base pair complementarity. Primers act as sequence-
specific flags for specific DNA spellings, and they direct the DNA-copying enzyme to
copy the adjacent stretch of DNA only.3

The copying process extends several hundred bases, converting the single-
stranded DNA fragment to double-stranded DNA. Then, investigators heat the test tubes
to break the newly formed base pair bonds between the original and the copied DNA
strands. When the temperature is again lowered, both strands bind more primer and
reinitiate the copying process. This process is continued for twenty to thirty cycles,
exponentially increasing the number of copies of the targeted DNA sequence of interest.

% T. D. Gelehrter, F. S. Collins, and D. Ginsburg, Principles of Medical Genetics, 2d ed. (Baltimore, MD:
Williams and Wilkins, 1998), 80-82; see also page 33, this chapter.

36 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 81.

37 In 1997, the U.S. Federal Bureau of Investigation announced that when probability estimations of random
matches between individuals are calculated to be less than one in 260 billion, they could be used to confirm
identity. C. Holden, “DNA Fingerprinting Comes of Age,” Science 278 (1997): 1407. Investigators also
may use different sets of shorter genomic landmarks that are suitable for PCR. See R. S. Murch and B.
Budowle, “Are Developments in Forensic Applications of DNA Technology Consistent with Privacy
Protections?” in Genetic Secrets: Protecting Privacy and Confidentiality in the Genetic Era, ed. M. A.
Rothstein (New Haven, CT: Yale University Press, 1997), 216-217; see also N. Wade, “F.B.1. Set to Open
Its Database for Fighting Crime,” New York Times, October 12, 1998, Al, A15.

3 Prior to PCR, copying of a particular DNA segment required DNA cloning, which could take weeks to
months.

3 The primers are approximately twenty bases long. Two different sequence primers (millions of copies of
each) are added to each test tube; they bind to single-stranded complementary DNA on either side of the
segment to be copied. See Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 73-74.



PCR-amplified DNA can be analyzed by Southern analysis, as described above, or
by a number of other approaches, including DNA sequence analysis.*’ In a technique
called allele-specific oligonucleotide hybridization, investigators distinguish gene
variants by their differential binding to perfectly complementary short DNA probes
(oligonucleotides).*t This approach also is used to distinguish normal and sickle cell beta
globin gene variants. The normal and sickle cell variants can be distinguished using
duplicate filters, each bathed with one of two probes that differ by only a single base.
One probe would bind to the sickle cell allele only, and the other would bind to the
normal allele only.

In recent years, researchers have developed more sophisticated PCR applications
that allow highly accurate detection of DNA base variations and high sample
“throughput”*? — the number of tests that can be performed simultaneously.*®

DNA Sequence Analysis

DNA sequence analysis determines the specific sequence of the A, C, G, and T
bases of DNA molecules. It is the “gold standard” for detecting mutations.** The starting
material for DNA sequencing is a pure batch of a particular single-stranded DNA
fragment mixed with a pool of nucleotide building blocks (A, C, G, and T) and an
enzyme. The enzyme adds the nucleotide building blocks by base pairing to the single
strand, one-by-one, generating a new sequence-specific double strand. A typical reaction
mix contains many copies of the same growing DNA sequence, at different length
extensions. In the course of this reaction, the mixture is “pulsed” with a new ATCG mix
in which each of the four nucleotides is tagged with a different color fluorescent dye: red,
yellow, green, or blue. The tagged nucleotide building blocks are called “terminator”
nucleotides — they are chemically modified in a way that prevents other bases from being
added on.

Investigators then analyze the terminated reaction mix to determine the color tag,
and the identity of the last nucleotide (A, C, G, or T), of the DNA strands of varying
sizes. The tagged DNA mixture is loaded onto a sequencing machine that separates the
strands by size and reads the last base of each strand, based on the color of its tag. For
example, for a hypothetical DNA sequence, all strands that are 150 bases long end in A,
whereas those that are 151, 152, and 153 bases long end in G, A, and C, respectively.

40 For discussion of other techniques, see ibid., 87-88; see also G. B. van Ommen, F. Bakker, and J. T. den
Dunnen, “The Human Genome Project and the Future of Diagnostics,” The Lancet 354 suppl. | (1999): 5,
7-8.

41 These probes are generally fifteen to twenty bases long and are called allele-specific oligonucleotides.
See Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 84.

4 L. M. Fisher, “Biology Meets Technology — Biochips Signal a Critical Shift for Research and
Medicine,” New York Times, December 21, 1999, C1.

43 M. M. Shi, M. B. Bleavins, and F. A. de la Iglesia, “Technologies for Detecting Genetic Polymorphisms
in Pharmacogenomics,” Molecular Diagnosis 4 (1999): 343, 346-348.

4 |bid., 348.



This information enables investigators to spell out the whole base sequence of a DNA
strand.*®

Some clinical genetic tests sequence all or part of the gene of interest. For example,
a commercially available test to detect mutations in a gene called BRCA1* that are
associated with increased risk of breast and ovarian cancer scans the whole gene coding
sequence, approximately 7,800 bases, to search for hundreds of different mutations.*’
However, once a specific mutation is identified within a family, the testing of additional
family members can be simplified to determine the presence or absence of that specific
mutation.

Sequencing technology has evolved over the course of the ten-year Human Genome
Project, from about $10 per DNA unit to about 4 cents a unit.*® In one key advance, in 1998,
commercial researchers developed a new generation of a more rapid DNA sequencing
technology called capillary sequencing, which performs with significantly higher speed,
sensitivity, accuracy, and resolution at lower cost and minimal hands-on operator time.*°
These technological developments enabled researchers to complete the sequencing of the
human genome by June 2000, years ahead of the goal.>®

Linkage Analysis

Linkage analysis is an indirect method of DNA-based genetic testing. It traces
inheritance of highly penetrant disease-associated genes that have not yet been identified
but that have been located (mapped) to a specific region of a specific chromosome.®!
Investigators use catalogued genomic DNA markers located on specific chromosomal
regions as proxy markers for the unidentified gene.>® These markers exist in everyone but

%5 N. Wade, “The Struggle to Decipher Human Genes,” New York Times, March 10, 1998, F1; E. Pennisi,
“The Human Genome Project: The Key to Success Is Finishing Well,” Science 280 (1998): 816. For step-
by-step graphic presentation of this process, see Celera Genomics Corporation Genomics Education
Module, Celera Genomics Corporation website: http://www.celera.com, visited July 21, 2000.

46 The BRCA1 gene, when mutated, can increase risk for breast and/or ovarian cancer. See Chapter 3, page
63.

47 Program materials, Myriad Genetics; A. Abbott, “Complexity Limits the Power of Prediction,” Nature
379 (1996): 390.

48 N. Wade, “Double Landmarks for Watson: Helix and Genome,” New York Times, June 27, 2000, F5.

49 See J. G. Venter et al., “Shotgun Sequencing of the Human Genome,” Science 280 (1998): 1540; J. C.
Mullikin and A. A. McMurray, “Sequencing the Genome, Fast,” Science 283 (1999): 1867; see also Y.
Baba, “Capillary Gel Electrophoresis: New Technique for Specific Recognition of DNA Sequence and the
Mutation Detection on DNA,” Journal of Biochemical and Biophysical Methods 41 (1999): 91, 92.

%0 See Venter et al., “Shotgun Sequencing of the Human Genome,” 1540; see also Wade, “Double
Landmarks for Watson: Helix and Genome,” F5.

51 For a discussion of gene penetrance, see Chapter 1, page 13; for a discussion of gene mapping, see
Chapter 1, page 23.

52 For discussion of DNA markers, see Chapter 1, page 25. The markers used in linkage analysis must be
present in all individuals but show some variation (polymorphism) among different individuals, so that



show variations among individuals, enabling investigators to trace the variant forms of
the marker within families. Individuals with the disease-associated allele would likely
share the same marker variant, and those without that allele would lack it. The linkage
test would be performed to determine which additional family members have inherited
the marker variant and, by inference, the closely linked disease allele. Linkage analysis is
highly, but not 100 percent, accurate.>®

Once researchers identify a gene and determine its DNA base pair sequence, direct
testing replaces indirect linkage analysis. For example, direct DNA-based testing has
replaced linkage analysis for cystic fibrosis and Huntington disease testing.

RNA Analysis

Mutations in a gene’s coding sequence are copied into the complementary mRNA
intermediates that the cell uses to make protein.>* For certain types of mutations (e.g.,
deletion of all or part of the gene), mMRNA may not be produced at all, or the number of
MRNA copies produced by the gene may vary. In some cases, investigators may wish to
examine mMRNA instead of DNA. They can do so using DNA-based testing methods,
with some adaptations.

Northern Analysis

One technique to analyze mRNA, called Northern analysis, is conceptually related
to Southern analysis. mMRNA samples are size-separated in a gel by electric current,
blotted to a filter, and then bathed in a fluid containing tagged DNA probes. Single-
stranded DNA probes bind to complementary mRNA molecules on the filter. Northern
analysis can detect some of the base sequence differences between samples as Southern
analysis of DNA. It also can show changes in the quantity of mRNA molecules produced
by gene variants. If a mutation alters the number of mRNA molecules copied from a
gene, the number of tagged probe molecules that bind the filter will change
proportionally, and the fluorescent or radioactive signal produced by the bound probe can
be quantitated.

Protein Truncation Testing

MRNA also can be used for other DNA-based testing methods if it is first
“copied” from RNA to its more stable DNA form, called complementary DNA (cDNA).>®
This approach is used in protein truncation testing, which detects particular types of
mutations called nonsense mutations; these mutations cause production of incomplete

maternal versus paternal chromosome segments can be traced. Linkage analysis is one of the steps in
positional cloning. See Chapter 1, page 21.

58 During meiosis (the series of cell divisions that generate egg and sperm cells), even closely linked
chromosomal segments can be separated by chromosomal recombination. See Chapter 1, page 8.

5 For discussion of mMRNA, see Chapter 1, page 6.

%5 See Chapter 1, page 26.



(truncated) proteins.®® Nonsense mutations are common for particular gene disorders. For
example, they account for about 80 percent of heritable clinically relevant mutations in a
gene called APC (adenomatous polyposis coli), resulting in a form of familial colon cancer.®’

For protein truncation testing, investigators start with an mRNA sample and convert
it to its cDNA form.*® They then use PCR to generate many copies of the particular cDNA
molecule that corresponds to the gene of interest (for example, the APC gene). Next, they
use the purified PCR sample to make protein in a test tube and analyze the size and quantity
of the protein produced.®® For some genes, such as APC, protein truncation testing may
provide a fast and convenient alternative to other DNA-based testing methods.°

Cytogenetic Testing
Karyotype Analysis

In 1956, researchers developed a technique to analyze the structure and number of
chromosomes in an individual’s genome. This technique, called karyotype analysis,®
requires a small blood or tissue sample.®? Investigators treat the sample to stimulate cell
division and then “arrest” dividing cells at a particular stage in which chromosomes are
tightly condensed. They then “stain” condensed chromosomes, generating chromosome-
specific banding patterns. From photomicrographs of these stained chromosomes,
investigators arrange the chromosome content of a single cell, showing aligned
chromosome pairs that are discernible by size, structure, and banding patterns. This
arrangement, called a karyotype, is reported by first listing the number of chromosomes
per genome, followed by the sex chromosome content, followed by any abnormalities in
chromosome number or structure. A normal male karyotype is 46, XY. A karyotype for
a male with Down syndrome (caused by inheritance of an extra copy of chromosome 21)
is 47, XY, +21.8

% See Chapter 1, page 10. The end product of protein truncation testing is a particular protein. Due to the
use of mRNA samples as starting material, the method is classified here as an RNA test rather than as a
protein test.

5 R. van der Luijt et al., “Rapid Detection of Translation-Terminating Mutations at the Adenomatous
Polyposis Coli (APC) Gene by Direct Protein Truncation Test,” Genomics 20 (1994): 1; G. M. Petersen et
al., “Genetic Testing and Counseling for Hereditary Forms of Colorectal Cancer,” Cancer 86 suppl. (1999):
1720, 1722. For a discussion, see page 44, this chapter, and Chapter 8, page 222.

%8 See page 37, this chapter.

% These cDNA-derived samples, unlike genomic DNA, contain only coding (exon) sequences and no
noncoding (intron) sequences, allowing them to be directly translated into protein. See Chapter 1, page 9.

80 van der Luijt et al., “Translation-Terminating Mutations,” 1; see also Gelehrter, Collins, and Ginsburg,
Principles of Medical Genetics, 270.

&1 Thompson, Mclnnes, and Willard, Genetics in Medicine, 13.

62 Samples include fetal or chorionic cell samples obtained by amniocentesis or chorionic villus sampling.
See Chapter 3, page 51.

8 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 153-158.



Fluorescence in Situ Hybridization Analysis (FISH)

Major advances in cytogenetics now enable investigators to analyze precisely
molecular variations of particular chromosomes. The chief approach is called FISH
(fluorescence in situ hybridization analysis).®* FISH combines the approaches of
karyotype analysis and DNA probe hybridization. Chromosomal samples are prepared
and bathed with fluorescence-tagged DNA probes to one or more gene variants of
interest. The samples are then examined microscopically. Chromosomes containing the
DNA variant of interest show a detectable fluorescent patch. Investigators also may use
mixtures of probes that bind to many sites on a particular chromosome; this is called
“chromosome painting.” For example, chromosome 21 painting to test fetal cells for
Down syndrome uses a mixture of probes that cover that chromosome to determine
whether individual cells contained three versus two painted chromosomes. FISH also can
analyze multiple genes and chromosomes simultaneously. By combining five primary
fluorescent dyes in different ratios and using sophisticated imaging techniques,
investigators can paint and analyze the twenty-four human chromosomes of a sample.%®
FISH can be performed using only a single cell.

Gene Product and Metabolite Analysis

Each of the many thousands of proteins in the human body is the “product” of a
specific gene. Among individuals, variation in structural and/or functional properties of a
particular protein reflects variation in the coding gene.®® Tests that can precisely identify
these protein variations are considered a type of genetic testing. When the protein
product is an enzyme, the activity or activity-related substances of that enzyme also may
be tested by metabolite analysis.

Protein Analysis
Electrophoresis

Electrophoresis distinguishes protein variants based on differences in electrical
charges, which result from changes in a protein’s building blocks, amino acids.
Electrophoresis subjects protein samples to an electric current. Proteins with different
overall electrical charges will migrate at different rates. This approach has been used for
decades to distinguish normal from sickle cell beta hemoglobin proteins in blood
samples. Sickle cell and normal beta hemoglobin proteins migrate at different rates, due

64 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 158-162.
% bid., 159.
% See Chapter 1, page 10.



to a single amino acid change.®” This method has the advantages of simplicity, low cost,
standardization, and reliability.®

Antibody-Based Protein Analysis

Antibodies are proteins of the immune system that recognize and bind to other
proteins with exquisite specificity. Investigators can produce antibodies that recognize
specific proteins and, in some cases, different variants of a particular protein. One type of
antibody-based test, called Western analysis, is conceptually related to Southern and
Northern analysis. It uses an electric current to separate protein molecules in a gel based on
protein mass. Similar to Southern and Northern analysis, the separated molecules in the gel
are then transferred to a filter that is bathed in a fluid containing tagged markers. In Western
analysis, the tagged markers are not DNA probes; they are labeled antibodies. Western
analysis can detect differences in size and amount of specific proteins in different samples.
For example, Western analysis has been used to determine the presence, absence, or
alteration of the muscle protein dystrophin. This protein is absent in X-linked Duchenne
muscular dystrophy, and the size of the protein is altered in X-linked Becker muscular
dystrophy.®®

Metabolite Analysis

For single-gene disorders in which the affected protein is an enzyme, it is possible to
test for changes in the enzyme’s activity or for changes in levels of the enzyme’s metabolites
(the substrate that it acts upon or the product it produces). One example is carrier testing for
Tay-Sachs disease.” This universally lethal disease results from a deficiency in an enzyme
called hexosaminidase A. Carriers have half the normal level of enzyme. The test
quantitates enzyme levels by measuring the ability of a blood sample to convert an artificial
substrate to a product. This conversion generates a colored product, which can be
quantitated.”

Another metabolite test detects individuals affected by the autosomal recessive
disorder PKU, which causes progressive mental retardation. PKU results from a deficiency
of the enzyme phenylalanine hydroxylase. Unlike the Tay-Sachs test, which measures
enzyme activity, the PKU test measures blood levels of the enzyme’s substrate, the amino
acid phenylalanine. Elevated blood levels indicate that the enzyme required to convert
phenylalanine to another amino acid called tyrosine may be defective or missing.”?

57 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 100. In sickle cell beta globin protein,
the electrically neutral amino acid valine is replaced by the negatively charged amino acid glutamic acid.

8 National Institutes of Health Consensus Conference, “Newborn Screening for Sickle Cell Disease and
Other Hemoglobinopathies,” Journal of the American Medical Association 258 (1987): 1205, 1206.

8 Thompson, Mclnnes, and Willard, Genetics in Medicine, 113.

0 For discussion of carrier testing, see Chapter 3, page 50.

"1 M. Kabach et al., “Tay-Sachs Disease — Carrier Screening, Prenatal Diagnosis, and the Molecular Era,”
Journal of the American Medical Association 270 (1993): 2307.

72 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 293.



Limitations and Complexity of Genetic Testing
Limits to Analytical Validity

The analytical validity of a genetic test is a measure of how well it is designed and
performed in the laboratory to detect what it is supposed to detect. It encompasses two
factors — the test’s sensitivity and its specificity. The analytical sensitivity of a genetic
test is the probability that the specific DNA, mRNA, or protein variant being searched for
in the sample will be detected when present. The analytical specificity of a genetic test is
the probability that the test will be negative when the variant DNA, mRNA, or protein
tested for is absent from the sample.”

Limits to Clinical Validity

Clinical validity measures the extent to which an analytically valid test result can
diagnose or predict a particular disease or disorder. It includes several components: (1)
clinical sensitivity, the probability that the test will be positive in someone who will
manifest the disease; (2) clinical specificity, the probability that a test will be negative in
someone who will remain free of disease; (3) positive predictive value, the probability
that someone with a positive test result will get the disease; and (4) negative predictive
value, the probability that someone with a negative test result will not get the disease.”
For DNA-based genetic tests, there are several factors that may limit clinical validity.

Limits to Clinical Sensitivity: Genetic Heterogeneity

Similar or identical disorders may be caused by different mutations of a single
gene (allelic heterogeneity) or different genes (locus heterogeneity).” Most DNA-based
tests cannot detect all potential mutations that might affect risk for a particular disease.
This fact decreases a test’s clinical sensitivity and produces clinical “false negative” test
results.

Most genetic disorders, including single-gene disorders, show allelic
heterogeneity. Exceptions, such as sickle cell disease, which is associated with a single
point mutation, are rare.”® Generally, the larger a gene is, the greater the number of allelic
variants. For example, three large genes, BRCA1 (breast cancer susceptibility 1), BRCA2

8 For metabolite testing, sensitivity and specificity are determined by a quantitative test using a
predetermined cutoff level. National Institutes of Health-U.S. Department of Energy Working Group on
Ethical, Legal, and Social Implications of Human Genome Research Task Force on Genetic Testing,
Promoting Safe and Effective Genetic Testing, ed. N. A. Holtzman and M. S. Watson (Washington, D.C.:
National Institutes of Health, 1997), 25, 179-180.

" These four parameters are interrelated and can be calculated by correlating data on disease incidence and
genetic test results within a specific population group. See NIH-DOE Task Force on Genetic Testing,
Promoting Safe and Effective Genetic Testing, 24-28.

5 See Chapter 1, page 14.

76 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 29.



(breast cancer susceptibility 2), and CFTR (cystic fibrosis transmembrane regulator) genes,
each have over 100 identified clinically relevant mutations.””  As a further complication,
different variants exist within different racial or ethnic subpopulations. For example, one
mutation accounts for approximately 70 percent of all cystic fibrosis mutations in Caucasian
Americans, but only 48 percent in African Americans and 30 percent in Asian Americans.’

Different DNA-based genetic test methods have different limits to their sensitivity.
For example, protein truncation testing will not detect missense mutations that change amino
acid composition but do not stop protein production. Even DNA sequence analysis of an
entire gene coding sequence is not 100 percent sensitive. Mutations that occur outside the
coding region of a gene, sometimes thousands of bases away, can impair normal expression
(“turning on”) of the gene. For some disorders, such as the blood disorder hemophilia A,
these types of mutations are common.”

Locus heterogeneity also can limit sensitivity. A negative test result for one
identified gene does not rule out an inherited mutation at another, perhaps unidentified, gene.
For example, mutations of one of two identified genes, BRCAl and BRCAZ2, confer an
increased risk for breast and ovarian cancer, but they account for only 80 percent of all
families that show a single-gene pattern of breast cancer susceptibility.®

Limits to Predictive Value

For single-gene disorders such as Huntington disease and Tay-Sachs disease, a
positive test result provides 100 percent predictive value. However, susceptibility mutations
for more complex disorders show incomplete penetrance; inheritance of a susceptibility
mutation is not associated with disease 100 percent of the time.8! Even for a specific
mutation, the incidence of the associated disease may vary among families or population
groups. For example, data show that while BRCAL and BRCA2 gene mutations confer an 85
percent risk for breast cancer within some families, these mutations may pose a significantly
lower risk to individuals outside those high-incidence families.®?

Variable range and severity of symptoms and age of onset also complicate the
interpretation of DNA-based tests.83 For some disorders, a positive test result may be

" F. S. Collins, “Lots of Mutations, Lots of Dilemmas,” New England Journal of Medicine 334 (1996):
186; National Institutes of Health, Genetic Testing for Cystic Fibrosis, NIH Consensus Statement 15
(Bethesda: National Institutes of Health, 1997), 7, 8.

8 National Institutes of Health, Genetic Testing for Cystic Fibrosis, 7, 8.

 N. E. Morton, “Genetic Epidemiology,” Annual Review of Genetics 61 (1993): 523, 525. See also
Chapter 3, page 64.

8 A. Abbott, “Complexity Limits the Power of Prediction,” Nature 379 (1996): 390.

8 For discussion of incomplete penetrance, see Chapter 1, page 13.

82 B. Healy, “BRCA Genes — Bookmaking, Fortune-Telling, and Medical Care,” New England Journal of
Medicine 336 (1997): 1448; see also Chapter 3, page 65.

83 See Chapter 1, page 14.



highly predictive for disease incidence but poorly predictive for how an individual will
experience a variable range of severity and symptoms. For example, the autosomal
recessive disease cystic fibrosis is caused by inheritance of two mutant copies of a gene
called CFTR.3 The large CFTR gene has over 800 identified clinically significant
mutations; these mutations are associated, in some cases, with different types of
symptoms.®

Together, incomplete penetrance, variable expressivity, and variable age of onset
lead to problems of prognosis for some single-gene disorder testing. The complexity is
magnified when testing for genes involved in more complex diseases, such as heart
disease and cancer, which result from an interplay of multiple genes and environmental
factors.

Beyond these statistical uncertainties, the rapid translation of genomic research to
clinical genetic testing may raise more fundamental scientific uncertainties. In some
cases, it may be difficult for scientists to predict whether and how particular gene
mutations will affect an individual’s disease risks. In some, but not all, cases, scientists
may know enough about a protein’s structure and function to predict the risks linked to a
particular mutation. For example, some who undergo BRCA gene testing learn that they
have inherited a BRCA gene variant of “undetermined clinical significance.”®® When the
mutation-associated disease risk is uncertain, years of clinical follow-up and data
assessment are needed to establish accurate risk information.

Limits to Clinical Utility

Another important consideration is the clinical utility of a predictive genetic test
result. For reproductive testing, preventive options include altered reproductive planning,
medical intervention, or pregnancy termination. Predictive genetic tests for late-onset
disorders have clinical utility if they enable those testing positive to implement a
preventive option, such as drug treatment or early monitoring for signs of disease onset.
However, predictive genetic tests may provide risk information in the absence of
available clinical interventions, a situation referred to as the “therapeutic gap.”®’

Genotypic versus Phenotypic Testing for Inherited Mutations

DNA-based testing precisely identifies specific mutations. It can detect variants
in any gene and can be done at any point in an individual’s lifetime. It can predict
phenotypic consequences well in advance, but it is subject to limits in sensitivity and

8 For a discussion, see Chapter 5, page 119.

8 See T. Brown and E. Langfelder Schwind, “Update and Review: Cystic Fibrosis,” Journal of Genetic
Counseling 8 (1999): 137, 147; P. T. Rowley, S. Loader, and J. C. Levenkron, “Cystic Fibrosis Carrier
Population Screening: A Review,” Genetic Testing 1 (1997): 53.

8 T. S. Frank, “Laboratory Determination of Hereditary Susceptibility to Breast and Ovarian Cancer,”
Archives of Pathology and Laboratory Medicine 123 (1999): 1023. See also Chapter 3, page 64.

8 NIH-DOE Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing, 3.



predictive value, as discussed above. Phenotypic testing of proteins and metabolites, on the
other hand, often has a more limited timeframe in which testing can be performed.

Some inherited susceptibility mutations may be tested for by either genotypic or
phenotypic tests. Depending on the type and purpose of testing,®® genotypic or phenotypic
testing may present different advantages or disadvantages. For some autosomal recessive
disorders, such as cystic fibrosis, phenotypic testing is useful only for diagnosis of persons
who have inherited two mutant copies of the CFTR gene. These persons, but not carriers of a
single mutant CFTR gene, can be tested using a “sweat” test that detects abnormal levels of
chloride in sweat secretions.®® Carrier testing to detect healthy carriers of one mutant gene
variant requires DNA-based testing.®® Practical issues such as cost and ease of testing, as
well as other risks and benefits to individuals,®* also may require consideration. For some
conditions such as PKU, metabolite testing may be used as a first stage-screening test,
followed by a more specific (and costly) DNA-based test.”

For some genetic conditions, phenotypic testing may be more burdensome. For
example, offspring of individuals with familial adenomatous polyposis (FAP), a rare disorder
associated with early-onset colon cancer, are at risk for inheriting this fully penetrant,
dominant mutation of the APC gene.®® Before a gene test was available, all offspring from
age 10 or 11 would be monitored by colonoscopic examination, an invasive procedure to
detect precancerous polyps that are characteristic of the disorder. Now, if a mutation has
been identified in affected family members, children can undergo DNA-based genetic testing
to determine whether they have inherited the familial mutation. This allows children who
test negative to bypass colonoscopic monitoring.*

For other conditions, a phenotypic test may be more appropriate than a genotypic
test. One example is hereditary hemochromatosis, a late-onset autosomal recessive disease
resulting in excessive iron absorption, and ultimately in cirrhosis, diabetes, and cardiac
impairment.®® The gene and the specific mutations associated with this disorder were
identified in 1996, and DNA-based testing is available.®® However, because of
uncertainties about the predictive powers of the gene-based test, and considering potential

8 See pages 30-38, this chapter.

8 See Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 221.

9 See ibid., 222.

91 See Chapter 3.

9 Kenneth Pass, Ph.D., Director of Newborn Screening Program, New York State Department of Health,
presentation to the New York State Task Force on Life and the Law, January 14, 1998.

9 See page 38, this chapter.
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as Simple as It Sounds,” Washington Post, February 10, 1998, Z06.

% For a discussion, see Chapter 5, page 124.

% W. Burke et al., “Consensus Statement: Hereditary Hemochromatosis: Gene Discovery and Its
Implications for Population-Based Screening,” Journal of the American Medical Association 280 (1998):
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social risks to those who test positive, a 1998 consensus panel recommended that
phenotypic serum iron testing may be more appropriate in some circumstances. ¢

Future Directions in Genetic Testing Technologies

Current DNA-based technologies, combined with the growing human genome
database, have revolutionized genetic testing. The currently technologies used clinically,
however, are still limited; they focus on one gene and one mutation at a time. Emerging
technology is greatly broadening this range, enabling simultaneous analysis of multiple genes
and alleles. These new technologies, combined with continued analysis of human gene
variations and their association with increasingly complex diseases, will continue to change
clinical genetic practice.”®

Chip Technology and Microarrays

Gene chips will offer a road map for prevention of illness throughout a
lifetime.%

One important new technology is the DNA chip, which allows thousands of different
DNA segments to be tested simultaneously. DNA chip technology, similar to many other
DNA-based methods, is based on hybridization of complementary molecules.!® A DNA
chip is a small glass wafer, about the size of a postage stamp, containing up to several
hundred thousand testing spots.’®* Each testing spot contains many copies of a unique,
laboratory-synthesized DNA strand about twenty bases long. Chips are designed so that each
testing spot contains a different small segment of a gene, and the chip contains all known
variations of each gene segment. These comprehensive collections of gene sequences on
individual chips are called microarrays. A single microarray can test all possible sequence
variants of one or more genes of interest.

How does the test work? A single-stranded genomic DNA sample of the individual
to be tested is cut into fragments, and each fragment is labeled with a fluorescent marker.
Thus, an entire genomic sample is used as a probe.'? This labeled sample DNA is then
washed over the thousands of different testing spots on the chip. When a segment of
labeled genomic DNA encounters a perfectly matched (complementary) DNA strand on a
particular testing spot, it binds. For any individual sample, a unique pattern of bound and
unbound testing spots will result. After binding, investigators use an optical scanning

% Ibid.

% See van Ommen, Bakker, and den Dunnen, “The Human Genome Project and the Future of Diagnostics”;
F. S. Collins, “Shattuck Lecture — Medical and Societal Consequences of the Human Genome Project,”
New England Journal of Medicine 341 (1999): 28; D. G. B. Leonard, “The Future of Molecular Testing,”
Clinical Chemistry 45 (1999): 5.

9 President Bill Clinton, State of the Union Speech, January 27, 1998, quoted in “Getting Hip to the Chip,”
Nature Genetics 18 (1998): 195, 197.

100 See page 32, this chapter.

101 R. F. Service, “Microchip Arrays Put DNA on the Spot,” Science 282 (1998): 396; D. Brown, “DNA-
Encoded Chips Appear to Speed Tests for Genetic Mutations,” Washington Post, November 24, 1997, A03;
Collins, “Medical and Societal Consequences of the Human Genome Project,” 33.

192 For a discussion of nucleic acid hybridization, see page 32, this chapter.



device that reads the pattern of fluorescence for the thousands of testing spots. A
computer program converts this information into DNA base pair sequence information.1%3

High start-up and chip costs have been a barrier to broader use of DNA chips.%
However, commentators predict that, similar to electronic microchips, the capacity of
DNA chips will continually increase, leading eventually to speedy, affordable, and
comprehensive analysis of very large segments of an individual’s genome.!® One
commentator predicts that soon, DNA chips will be able to test for 120,000 data points in
a single test, an increased capacity of four orders of magnitude from just a few years
ago.1% The challenges to this approach are to develop almost absolute levels of accuracy
and higher levels of test throughput.%’

Some investigators are designing DNA microarrays for another approach, called
genetic expression profiling.1%  This approach does not detect inherited mutations.
Instead, it analyzes tissue MRNA samples to determine which of tens of thousands of the
human genome are expressed (“turned on”) in particular normal or diseased tissues.'% It
also can detect quantitative differences in the levels of gene expression. These
differences can provide useful information about the role of specific genes in complex
disorders. They also might point out new genetically based drug development
approaches. Currently, researchers are developing microarray technology for clinical
diagnosis of particular types of cancer. Some identified cancer-associated changes in
gene expression are informative about prognosis and potential response to treatment
options.!% This approach represents an exponential increase in genetic testing capacity
over other existing technologies.

103 Brown, “DNA-Encoded Chips,” A03; see also Gene-Chips website: http://www.gene-chips.com, visited
October 1, 1999.
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Mass Spectrometric DNA Analysis

A very different approach to DNA sequence analysis provides another potential
direction for more comprehensive genetic testing. Some claim this technique, mass
spectrometry (MS), combines the DNA chip’s speed with exquisite accuracy.''! A mass
spectrometer vaporizes a DNA sample and accelerates the molecules through a vacuum
chamber. Scientists measure the small differences in time required for different sample
molecules to move through the chamber. These differences translate into differences in
molecular mass as small as 0.03 percent, which indicate differences in base pair
sequence.!?

MS has high specificity and accuracy and does not require the use of special
probes and primers.!*®  Although this technology has not yet been generally applied,
several companies are developing mass spectrometric applications for clinically relevant
human gene variants. The technique, similar to the DNA chip method, also can be
adapted to analyze changes in specific gene expression. A current barrier to broader use
of MS is its limited sample input capacity and requirement for highly purified samples.!*

Tandem Mass Spectrometry for Metabolite Analysis

Another application of mass spectrometric analysis, tandem mass spectrometry
(TMS), is used for detection of metabolic disorders by phenotypic analysis of metabolites
in blood and other body fluids. TMS uses two mass spectrometers in sequence (in
“tandem”). The first separates molecular components of the blood or body tissue sample
by molecular mass; these components are then fragmented. The second spectrometer
analyzes the molecular masses of the fragments of each component, producing a specific
molecular identity.}'® Some call TMS a “sea change” in testing methods for newborn
screening and claim that it allows very sensitive, reliable, and affordable testing for
multiple disorders in a single test.

11 J. Alper, “Weighing DNA for Fast Genetic Diagnosis,” Science 279 (1998): 2044; Leonard, “The Future
of Molecular Genetic Testing,” 729; Anthony V. Carrano, Ph.D., Director, Biology and Biotechnology
Research Program, Lawrence Livermore National Laboratories, presentation at “The Implications of
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Society, October 17, 1998.
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Predictive Genetic Testing

Predictive genetic testing includes reproductive testing and late-onset testing of
healthy adults to determine future disease risks.! For both types of testing, new gene
discoveries and testing technologies continue to expand the number and range of tests
available.?

Generally, individuals seek or are offered reproductive or late-onset predictive
genetic testing to reduce the risk of future disease or disability. One commentator
distinguishes between two forms of prevention that generally correspond to these two types
of testing.® Genotypic prevention aims to prevent the conception or birth of a person with a
particular genotype, for example, by carrier or prenatal testing for Tay-Sachs disease.
Phenotypic prevention aims to prevent the manifestation of a health risk linked to one or
more inherited genetic variants in the person tested. An example of phenotypic prevention is
altered lifestyle, heightened medical surveillance, or medical intervention to prevent a
particular disease. Apart from these preventive goals, individuals may seek predictive
genetic testing to reduce uncertainty about the future.

In recent years, new applications of predictive genetic testing also are being
developed.  These include testing for inherited gene variants, sometimes called
“biomarkers,” which can be used to guide an individual’s pharmaceutical treatment
(pharmacogenetic biomarkers) or to detect elevated health risk for exposures to specific
environmental agents (biomarkers of susceptibility).*

Reproductive Testing

Before the 1960s, testing for reproductive risk for genetic disease did not exist.
Couples who knew, based on family history, that they were at risk for bearing a child with a
genetic disorder could either accept the risk of having an affected child or refrain from
attempting to conceive.> This began to change in the 1960s and 1970s, with the advent of
fetal cell testing by amniocentesis and the legalization of abortion.®

! Newborn testing, another form of predictive genetic testing, is administered by state screening programs
and is considered separately in Chapter 6.

2 See Chapter 2.

3 E. T. Juengst, “Caught in the Middle Again: Professional Ethical Considerations in Genetic Testing for
Health Risks,” Genetic Testing 1 (1997/1998): 189, 197; see also Chapter 2, page 30.

4 See pages 7375, this chapter.

5 See C. G. Gauthier, “The Impact of Recombinant DNA Technology on Genetic Screening,” Public Affairs
Quarterly 3 (1989): 25.

6 Roe v. Wade, 410 U.S. 113 (1973).



Today, new gene discoveries, developments in DNA-based and cytogenetic testing,
and techniques for monitoring fetal status present prospective and expectant parents with a
broad range of available testing.” Reproductive genetic testing includes: (1) carrier testing of
individuals who intend to reproduce or who have already initiated a pregnancy, (2) prenatal
testing of fetal cells, and (3) pre-implantation testing of embryos created by in vitro
fertilization (IVF).2 It also includes investigational procedures for preconception selection of
sperm.

Carrier Testing

Carrier testing aims to identify individuals at increased risk for transmitting genetic
disorders to future offspring. It may be targeted to individuals based on family history of a
single-gene disorder, including autosomal recessive disorders such as Tay-Sachs disease, X-
linked disorders such as Becker muscular dystrophy, and autosomal dominant disorders such
as Huntington disease. Carrier testing also is performed as a population screening test,
targeted at individuals of a particular racial, ethnic, or geographic population that is known to
be at increased risk for a particular autosomal recessive disorder.® Examples include
screening of African Americans for sickle cell disease carrier status and of persons of
Ashkenazi Jewish descent for Tay-Sachs disease carrier status. In the past decade, rapid
developments in gene discovery and testing technology have expanded the list of disorders
for which carrier testing is available. Examples of disorders for which carrier testing only
became available following gene discoveries and development of DNA-based tests include
cystic fibrosis and Canavan disease, a serious and incurable metabolic disorder.

Carrier testing may be performed as a preconception test, for individuals considering
marriage or pregnancy. It also may be performed as a prenatal test, in which a pregnant
woman and/or her partner is tested to determine whether or not an already conceived fetus is
at risk; in this case, it is called a prenatal carrier test. If a woman is at risk for an autosomal
dominant or X-linked disease, there is no need to test her partner. If both she and her partner
are at risk for an autosomal recessive disease because of family history or ethnic or racial
background, both partners may need to be tested.'

7 See I. B. Van den Veyver and B. B. Roa, “Applied Molecular Genetic Techniques for Prenatal
Diagnosis,” Current Opinions in Obstetrics and Gynecology 10 (1998): 97.

8 For an overview of in vitro fertilization and other techniques, see The New York State Task Force on Life
and the Law, Assisted Reproductive Technologies: Analysis and Recommendations for Public Policy (New
York: New York State Task Force on Life and the Law, 1998).

® For a discussion of carrier screening, see Chapter 5, page 112.

10 For both cystic fibrosis and Canavan disease, the only reliable form of carrier testing is by DNA-based
testing. See J. R. Riordan et al., “Identification of the Cystic Fibrosis Gene: Cloning and Characterization
of Complementary DNA,” Science 245 (1989): 1066; R. Kaul et al., “Cloning of the Human Aspartoacylase
c¢DNA and a Common Missense Mutation in Canavan Disease,” Nature Genetics 5 (1993): 118; R. Matalon
and K. Michals-Matalon, “Prenatal Diagnosis of Canavan Disease,” Prenatal Diagnosis 19 (1999): 669.
For a discussion of cystic fibrosis carrier screening, see Chapter 5, page 116.

1 In some cases, the health care provider will test the woman first and only test her partner if she tests
positive for a mutation. In other cases, providers may test both partners simultaneously. For late-onset



Prenatal Testing
Genetic Testing of Fetal Cells

Invasive Fetal Cell Testing

Fetal cells may be obtained and tested directly to assess risk for genetic or
chromosomal disorders. To obtain a fetal cell sample, a physician can use one of two
invasive techniques, amniocentesis or chorionic villus sampling (CVS). For amniocentesis, a
physician removes a small volume of amniotic fluid by needle aspiration at sixteen weeks of
pregnancy or earlier.*> For CVS, a physician passes a catheter through the cervix and into
the pregnant uterus and removes a sample of chorionic tissue, which develops from but is
separate from the fetus. CVS can be performed earlier than amniocentesis, at nine to twelve
weeks of pregnancy.®® Both techniques are invasive and carry a significant but small risk of
inducing miscarriage.**

Fetal cell analysis may be offered to couples whose fetus is at a known risk for a
single-gene disorder. For example, testing may be offered as a follow-up to prenatal carrier
testing when both members of a couple are identified as carriers of a mutation for an
autosomal recessive disease.® In such cases, fetal cells are analyzed by DNA-based or
biochemical techniques.*®

The most frequent reason for fetal cell testing, however, is for the detection of
chromosomal abnormalities by cytogenetic analysis.t” The incidence of chromosomal
abnormalities in pregnancy is high, accounting for half or more of spontaneous
miscarriages and occurring in 0.5 percent of newborns.'® They include alterations in
chromosome number (e.g., Down syndrome, caused by inheriting an extra copy of
chromosome 21) or structure.!® In both cases, affected individuals may acquire or lose a
copy of one or many genes, generally resulting in a wide range of physical and/or mental
impairments.?®  Unlike gene mutations inherited from one generation to the next,

dominantly inherited diseases, e.g., Huntington disease, it also is possible that the father is the potential
carrier and the person who should be tested.

12T, D. Gelehrter, F. S. Collins, and D. Ginsburg, Principles of Medical Genetics, 2d ed. (Philadelphia, PA:
Williams and Wilkins, 1997), 298.

13 Ibid., 300. The two techniques have equal diagnostic accuracy and similar costs. Amniocentesis also
provides diagnostic information about neural tube defects, based on measurement of alpha-fetoprotein
levels in the amniotic fluid.

14 See page 57, this chapter.

15 In this case, the chance of an affected pregnancy is 25 percent.

16 See Chapter 2.

17 See Chapter 2, page 38.

18 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 153, 169. About 15 percent of
recognized pregnancies end in spontaneous miscarriage. The authors estimate at least 25 percent of
conceived pregnancies have major chromosomal abnormalities.

19 For a discussion, see Chapter 1, page 20.

20 For example, individuals with Down syndrome have three copies, rather than the normal two copies, of
over 1,000 genes located on chromosome 21.



chromosomal abnormalities usually occur during gamete (egg and sperm) cell
development and appear spontaneously within families. Chromosomal abnormalities are
more common with increasing maternal age.?* Based on this risk, testing generally is
offered to pregnant women who will be age thirty-five or older at the time of birth.??

Testing of Fetal Cells from Maternal Blood

During pregnancy, small numbers of fetal cells may be released into the maternal
bloodstream, and some evidence suggests that higher numbers may be released in fetuses
with chromosomal abnormalities.?® These findings, along with the ability to perform genetic
testing on very limited cell numbers, provide the basis for attempts to perform noninvasive
fetal cell testing by maternal blood analysis. These attempts are at an investigational stage
and face significant challenges.?® Some suggest, however, that testing of fetal cells from
maternal blood may be used as a screening test, perhaps in conjunction with maternal serum
marker testing and ultrasonography, for detecting pregnancies at risk for Down syndrome.?
In the United States, the National Institutes of Health is sponsoring a multicenter clinical trial
to further evaluate maternal fetal cell testing.®

Maternal Serum Screening

Maternal serum screening is a noninvasive and indirect method to obtain risk
information about fetal development. It is based on analysis of a maternal blood sample
obtained at a defined period in early pregnancy to determine serum concentration of three
biochemical components.?” The multiple marker screening test, also called the “triple

2L For example, the incidence of Down syndrome births, caused by inheritance of an extra copy of
chromosome 21, is 1 in 1,250 for a twenty-five-year-old woman and 1 in 106 for a forty-year-old woman.
March of Dimes, Fact Sheet: Down Syndrome, March of Dimes website: http://www.modimes.org, visited
August 18, 1999.

22 At this age, the risk of a chromosomal abnormality is equal to the risk of inducing a miscarriage. For a
discussion of prenatal testing offered as a screening test, see Chapter 5, page 109.

2 For a discussion, see D. W. Bianchi, “Fetal Cells in Maternal Circulation: Feasibility for Prenatal
Diagnosis,” British Journal of Haemotology 105 (1999): 574.

% See C. D. Steele et al., “Prenatal Diagnosis Using Fetal Cells Isolated from Maternal Peripheral Blood: a
Review,” Clinical Obstetrical Gynecology 39 (1996): 801.

2 |bid.

2% The study is known as NIFTY (National Institutes of Health FeTal Cell StudY). See F. de la Cruz et al.,
“Prenatal Diagnosis by Use of Fetal Cells Isolated from Maternal Blood,” American Journal of Obstetrics
and Gynecology 173 (1995): 1354; Van den Veyver and Roa, “Applied Molecular Genetic Techniques,”
101; Bianchi, “Fetal Cells in Maternal Circulation,” 579. Based on preliminary data analysis, Bianchi
reports that detection of chromosomal abnormalities is 40 to 50 percent with a false positive rate of 1
percent, considerably lower than the 5 percent false positive rate for maternal serum marker analysis.

27 See American College of Obstetricians and Gynecologists, Maternal Serum Screening (Educational
Bulletin 228, September 1996). The test is offered at sixteen to eighteen weeks of pregnancy. Recent
articles discuss research aimed at earlier testing and improved specificity of multiple marker testing and
combined marker testing and ultrasonography for detection of Down syndrome. See J. E. Haddow et al.,



screen,” does not meet the definition of a precise genetic test — it does not provide specific
information about the form or number of a particular gene or chromosome.?® Rather, this
screening test identifies from a large population of pregnant women a smaller group that is at
increased risk of certain fetal disorders and who may benefit from a more specific test.?® The
disorders indicated are neural tube defects,*® Down syndrome, and trisomy 18. Measure of
the three serum components in pregnant women under age thirty-five can detect up to 60
percent of Down syndrome cases®! and 85 percent or more of neural tube defects within this
population.®?

Ultrasonography

Ultrasonography is a noninvasive technique that uses ultrasound imaging technology to
generate fetal images during pregnancy.® It is commonly performed to assess gestational age,
monitor fetal growth, and detect multiple pregnancies. It is used as a guide to the staging of
maternal serum testing and invasive testing techniques; it also serves as a surgical guide for the
latter techniques.

Ultrasonography also is a sensitive tool for the diagnosis of congenital fetal anatomical
abnormalities which often are not caused by chromosomal or single-gene abnormalities.® It is
not a specific genetic test, but, like maternal serum testing, it is now used routinely as a screening
test for fetal anomalies. Targeted ultrasound is indicated as a follow-up to abnormal maternal
serum testing. Ultrasound findings of characteristic congenital abnormalities may indicate
chromosomal abnormalities and are generally followed by amniocentesis and cytogenetic
testing.*®

Pre-implantation Genetic Testing of Embryos

Assisted reproductive technologies allow couples to overcome infertility through a
variety of techniques, including IVF, in which a woman’s eggs are retrieved and mixed with a

“Screening of Maternal Serum for Fetal Down’s Syndrome in the First Trimester,” New England Journal of
Medicine 338 (1998): 955; B. J. Wald, H. C. Watt, and A. K. Hackshaw, “Integrated Screening for Down’s
Syndrome Based on Tests Performed during the First and Second Trimester,” New England Journal of
Medicine 341 (1999): 461. For a discussion of ultrasonography, see page 53, this chapter.

28 For a definition of genetic testing, see Chapter 2, page 29.

2% American College of Obstetricians and Gynecologists, Maternal Serum Screening.

%0 For a discussion of neural tube defects, see March of Dimes, Fact Sheet: Spina Bifida, March of Dimes
website, http://www.modimes.com/HealthLibrary2/factsheets/Spina_Bifida.htm, visited August 18, 1999.

31 Although risk for chromosomal abnormalities, including Down syndrome, rises with advancing maternal
age, there are a greater number of births for women under age thirty-five and, therefore, about 80 percent of
all Down syndrome pregnancies occur in this population. See D. N. Saller and J. C. Canick, “Maternal
Serum Screening for Fetal Down Syndrome: Clinical Aspects,” Clinical Obstetrics and Gynecology 39
(1996): 783, 784.

32 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 292; Dr. Harry Ostrer, Human Genetic
Program, New York University Medical Center, personal communication.

33 Ibid., 301; March of Dimes, Fact Sheet: Ultrasound, March of Dimes website, visited August 18, 1999.

34 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 301. The authors state that the
sensitivity and specificity for ultrasonagraphic detection of congenital anomalies is 95 percent. Some
detectable congenital disorders are caused by environmental factors or a complex interplay of multiple
genetic and/or environmental factors.

% For example, ultrasound assessment of the increased fluid-filled space at the back of the fetal neck, called
the nuchal translucency measurement, can detect a majority of Down syndrome fetuses. See R. J. M.
Snijders et al., “U. K. Multicentre Project on Assessment of Risk of Trisomy 21 by Maternal Age and
Nuchal-Translucency Thickness at 10—-14 Weeks of Gestation,” The Lancet 351 (1998): 343.



male partner’s sperm in a laboratory dish.%® After several days of culture, some or all of the
embryos are transferred into the prospective mother’s uterus.®” This technology, coupled with
genetic testing techniques that require only a single cell, allows practitioners to remove and test a
single cell from each embryo for genetic diagnosis.®® Practitioners can test individual cells for
particular gene variants by polymerase chain reaction (PCR) analysis®® or for chromosomal
abnormalities by cytogenetic FISH analysis.*® Embryos that test positive for a gene mutation or
chromosomal abnormality would not be transferred. This procedure, called pre-implantation
genetic diagnosis (PGD), was first introduced in 1989 to enable couples at genetic risk to
establish healthy pregnancies and avoid the need for pregnancy termination decisions based on
prenatal testing results.*

In a 1999 article, a PGD practitioner reported that approximately 200 healthy infants had
been born following PGD at more than 40 sites worldwide.*> PGD has been used to avoid
transferring embryos affected by known single-gene disorders such as cystic fibrosis and Tay-
Sachs disease.*® For cases involving couples at risk for X-linked disorders for which no familial
gene mutation has been identified, practitioners have used PGD to select only female embryos.*
The majority of PGD procedures have been performed to detect chromosomal abnormalities, and
a recent report cites a “tendency of wider use of PGD” for IVF procedures involving women of
advanced maternal age, who are at higher risk for such abnormalities. ° Despite the success

% For a discussion of assisted reproductive technologies, see New York State Task Force on Life and the
Law, Assisted Reproductive Technologies.

37 Generally, more embryos form than can be transferred in one cycle and remaining embryos may be frozen
for transfer at a later cycle.

3 See S. J. Faouliotis and J. G. Schenker, “Preimplantation Genetic Diagnosis Principles and Ethics,”
Human Reproduction 13 (1998): 2238; A. McLaren, “Genetics and Human Reproduction,” Trends in
Genetics 14 (1998): 427; R. J. Tasca and M. E. McLure, “The Emerging Technology and Application of
Preimplantation Genetic Diagnosis,” Journal of Law, Medicine, and Ethics 26 (1998): 7. An indirect
variation of this technique that also is used is based on analysis of polar bodies, components that are
extruded from the egg as byproducts of meiosis and which contain the portion of the egg’s original
chromosome complement that is not transmitted to the embryo. See Y. Verlinsky et al., “Prepregnancy
Testing for Single-Gene Disorders by Polar Body Analysis,” Genetic Testing 3 (1999): 185. For a
discussion of meiosis, see Chapter 1, page 8.

39 See Chapter 2, page 34.

40 See Chapter 2, page 39.

4l See Y. Verlinsky, “Preimplantation Diagnosis: An Alternative to Prenatal Diagnosis of Genetic and
Chromosomal Disorders,” Journal of Assisted Reproduction and Genetics 16 (1999): 161; American
Society for Reproductive Medicine, Fact Sheet: Preimplantation Genetic Diagnosis, 1998, American
Society of Reproductive Medicine website: http://www.asrm.org/fact/preimpl.html, visited November 25,
1998.

42 Verlinsky, “Preimplantation Diagnosis,” 164.

43 American Society for Reproductive Medicine, Fact Sheet: Preimplantation Genetic Diagnosis.

4 |bid. Generally, girls are not at risk for X-linked disorders, while boys are at 50 percent risk. See Chapter
1, page 17.

4 Verlinsky, “Preimplantation Diagnosis,” 161-162. The author cites data for increased rate of embryonic
chromosome abnormalities in women of advanced maternal age using IVF, “demonstrating the clinical
significance of the procedure for improving the chances of IVF patients to become pregnant.”



stories, PGD still faces significant technical challenges, as well as low pregnancy rates
and the high financial and emotional costs associated with 1\VF.46

Sperm Selection

One commercial laboratory offers a procedure called MicroSort, which enriches
semen samples for sperm cells that contain either an X chromosome or a Y chromosome,
allowing couples to increase the chance of having a child of a particular sex.*” This
procedure is offered to couples at risk for transmitting an X-linked disorder to increase
their chance of having a girl.*® It also is offered to couples who already have at least one
child and wish to have a “balanced” family.*®

The procedure requires treatment of the semen sample with a DNA-binding dye
and analysis of the treated samples by a machine called a flow cytometer. The machine
passes each treated sperm cell in the sample by a laser, which generates a quantitative
signal based on the DNA content of the cell. Sperm cells with an X chromosome contain
slightly more DNA than those with a Y chromosome, allowing the machine to “sort” the
sample into two samples, one enriched for X sperm and one enriched for Y sperm.
Enriched samples are used for intrauterine insemination or IVF to increase the chance of
producing a female or male offspring. MicroSort cannot guarantee the desired outcome
— it reportedly provides an 85 percent X chromosome sperm sample and a somewhat
less enriched Y chromosome sperm sample.>® The procedure is still investigational.>

46 Fasouliotis and Schenker, “Preimplantation Genetic Diagnosis Principles and Ethics,” 2244; McLaren,
“Genetics and Human Reproduction,” 428; J. R. Botkin, “Ethical Issues and Practical Problems in
Preimplantation Genetic Diagnosis,” Journal of Law, Medicine, and Ethics 26 (1998): 17, 26.

47 E. F. Fugger et al., “Birth of Normal Daughters after MicroSort Sperm Separation and Intra-Uterine
Insemination, In Vitro Fertilization, or Intracytoplasmic Sperm Injection,” Human Reproduction 13 (1998):
2367.

48 Generally, girls are not at risk for X-linked disorders, while boys are at 50 percent risk. See Chapter 1,
page 17.

49 Fugger et al., “Birth of Normal Daughters after MicroSort Sperm Separation,” 2368, 2369.

%0 Ibid. In this study, 88.2 percent of fetuses in established pregnancies were female. See also L. Belkin,
“Getting the Girl,” New York Times Magazine, July 25, 1999, at New York times website: http://
www.nytimes.com/library/magazine/home/19990725mag-sci-gender-choice.html, visited July 26, 1999.
The article claims that the success rate is 93 percent for producing girls and 73 percent for producing boys.
51 See Fugger et al., “Births of Normal Daughters,” 87; J. L. Simpson and S. A. Carson, “The Reproductive
Option of Sex Selection,” Human Reproduction 14 (1999): 870, 871. There are potential safety concerns
based on the possibility of damage to sperm cell DNA (and resulting progeny) due to binding of the dye and
exposure to a laser, potentially increasing the chance of mutation. There is no evidence for safety problems
in animal studies and the commentators opine that potential safety problems are surmountable.



Benefits and Risks of Reproductive Testing
Benefits of Testing

Expanded Reproductive Options

Reproductive testing expands options for reproductive planning and decision-
making. Some individuals may choose to exercise these options for marital as well as
reproductive decision-making.®> More commonly, individuals and couples use predictive
testing to inform decisions about whether and how to initiate and continue pregnancies.
Couples at reproductive risk for serious disorders, such as Tay-Sachs disease, who may
otherwise have foregone pregnancy, may use reproductive testing to promote the birth of a
healthy child.>® Couples that are at risk for transmitting an X-linked disorder and who
previously may have terminated any male pregnancy, due to the 50 percent chance that the
fetus would inherit the disorder, may use reproductive testing to prevent termination of a
healthy male pregnancy.®* Individuals who would not consider abortion or who have
experienced repeated miscarriages or pregnancy terminations based on prenatal test results
may choose IVF and pre-implantation genetic diagnosis of embryos.

Reduced Morbidity and Mortality

Reproductive testing enables the prevention of births of infants with severe disease
and disability. One example is the prevention of infants affected by Tay-Sachs disease, a
progressive neurodegenerative disease that is uniformly fatal within several years of birth.>®
Voluntary carrier screening and prenatal testing from 1970 to 1993 led to a greater than 90
percent reduction in the annual number of infants diagnosed with Tay-Sachs disease within
the Ashkenazi Jewish communities of the United States and Canada.>®

In limited cases, reproductive fetal diagnosis permits prenatal medical intervention to
prevent or decrease morbidity. For example, prenatal diagnosis of congenital adrenal
hyperplasia by DNA-based testing enables prenatal treatment to prevent the development of
ambiguous genitalia in affected females.” The treatment, administration of a steroid

52 For example, see Chapter 5, page 112.

53 See M. Kabach et al., “Tay-Sachs Disease — Carrier Screening, Prenatal Diagnosis, and the Molecular
Era,” Journal of the American Medical Association 270 (1993): 2307, 2309.

54 Gauthier, “The Impact of Recombinant DNA Technology,” 33.

55 See Chapter 2, page 40.

% Kabach, “Tay-Sachs Disease — Carrier Screening,” 2309-2310; see also F. Kaplan, “Tay-Sachs Disease
Carrier Screening: A Model for Prevention of Genetic Disease,” Genetic Testing 2 (1998): 271. Before
1970, about 60 new cases per year were diagnosed; from 1983 to 1993, this declined to 2 to 3 cases per
year. The incidence of Tay-Sachs disease was about a hundred-fold higher for the Jewish versus the general
population. For a discussion of Tay-Sachs disease carrier screening programs, see Chapter 5, page 112.

5" A. D. Carlson et al., “Congenital Adrenal Hyperplasia: Update on Prenatal Diagnosis and Treatment,”
Journal of Steroid Biochemistry and Molecular Biology 69 (1999): 19.



hormone to the woman carrying the affected fetus, is safe for fetuses and pregnant women
and can prevent the need for genital surgery, sex misassignment, and gender confusion.®

Reduction of Anxiety

For individuals at reproductive risk for an affected pregnancy based on family
history, reproductive testing that provides a negative result (no evidence for the mutant gene
variant) can reduce or eliminate anxiety that might otherwise persist through pregnancy and
even through infancy. For women of advanced maternal age, prenatal test results may
prevent concerns about fetal chromosomal abnormalities.

Information to Prepare for a Birth

In some cases, individuals or couples who undergo prenatal testing may learn that
their fetus is affected by a genetic condition or chromosomal abnormality and choose to
continue the pregnancy. Earlier knowledge about their future child’s medical condition may
allow them, with their physician, to plan birth conditions (for example, birth at a tertiary care
center with medical specialists standing by) to optimize the infant’s medical treatment.
Families also may use this information for emotional and practical preparation, for example,
to prepare for special educational and other support needs.>®

Risks of Testing

Harm to the Fetus

Invasive prenatal testing poses a small risk of inducing miscarriage. The rate for
miscarriage following amniocentesis is less than 1 in 200; for CVS, between 1 and 2 in
100.%°

Inaccurate Test Results

For carrier and prenatal testing, there is a small risk that individuals and couples may
receive inaccurate or incorrect test results caused by errors in test performance, sample mix-
ups, or record-keeping. For example, in a survey of worldwide prenatal diagnoses for Tay-
Sachs disease from 1969 to 1992 involving 2,416 pregnancies, three fetuses affected by Tay-
Sachs disease were misdiagnosed as unaffected.® Errors in carrier testing for Tay-Sachs also

%8 |bid.

% D. Wertz and R. Gregg, “Optimizing Genetics Services on a Social, Ethical, and Policy Context:
Suggestions from Consumers and Providers in the New England Regional Genetics Group,” The Genetic
Resource 10, no. 2 (1996): 49.

% The risk may be lower for more experienced practitioners. March of Dimes, Fact Sheet: Chorionic Villus
Sampling, March of Dimes website, visited August 18, 1999.

61 National Institutes of Health-Department of Energy (NIH-DOE) Working Group on Ethical, Legal, and
Social Implications of Human Genome Research Task Force on Genetic Testing, Promoting Safe and
Effective Genetic Testing, ed. N. A. Holtzman and M. S. Watson (Washington, D.C.: National Institutes of



have occurred and resulted in at least fifteen major lawsuits.®? In pre-implantation testing of
embryos, technical challenges have resulted in some incorrect diagnoses, leading to the birth of
affected infants.%

Potential of Discrimination

Results of a carrier test might subject an individual to the adverse use of genetic
information in insurance or employment decisions, even though carriers are themselves generally
free of health impairments.®* For example, in the 1970s, individuals identified as carriers for
sickle cell disease were subjected to insurance, workplace, and school-based discrimination
based on faulty and misapplied information.®®

Increased Anxiety and Difficult Choices

Prenatal test results may not be clear-cut and may provoke anxiety for pregnant women
and couples. The prenatal testing process and associated anxiety may interfere with maternal
acceptance of the pregnancy and maternal bonding to the unborn child, creating what one
commentator refers to as the “tentative pregnancy.”®

Prenatal testing of fetal cells also can result in unclear diagnoses that may require
difficult decision-making. For example, cytogenetic testing sometimes identifies alterations in
chromosome structure that may or may not affect the health of the future infant.” The anxiety
attendant to such diagnoses may be amplified when the couple tested expected a clear-cut
“normal” or “abnormal” diagnosis.%®

Eugenic Concerns
Use of genetic testing to promote healthy births and to prevent the birth of infants
affected by serious and incurable disorders can be considered a eugenic practice.®® While most

Health, 1997), 42 (quoting Dr. Michael M. Kabach, Director, International Tay-Sachs Disease Data
Collection and Quality Control Program).

82 |bid.

8 Tasca and McLure, “The Emerging Technology and Application of Preimplantation Genetic Diagnosis,”
11-14; Y. Verlinsky and A. Kuliev, “Editorial: Preimplantation Genetics,” Journal of Assisted
Reproduction and Genetics 15 (1998): 215, 216. Verlinsky and Kuliev note that for a total of 166 healthy
PGD births worldwide, four misdiagnoses also occurred and resulted in affected births. For a discussion,
see W. Lissens and K. Sermon, “Preimplantation Genetic Diagnosis: Current Status and New
Developments,” Human Reproduction 12 (1997): 1756, 1757.

% For a discussion, see Chapter 9.

% H. Markel, “Scientific Advances and Social Risks: Historical Perspectives of Genetic Screening
Programs for Sickle Cell Disease, Tay-Sachs Disease, Neural Tube Defects and Down Syndrome,” in NIH-
DOE Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing, 161, 163-164; see also
Chapter 5, page 115; see Chapter 10, page 281.

8 B. Katz Rothman, The Tentative Pregnancy: Prenatal Diagnosis and the Future of Motherhood (New
York: Viking, 1986).

57 Ibid., 157-160.

8 See K. McAuliffe, “A Little Knowledge, a Lot of Agony,” New York Times, June 21, 1998, section 15,
22.

% For a discussion of eugenics, see Chapter 4, page 80. The original definition of eugenics does not require
any systematic or coercive involvement of government or other entities, but, based on historical use of the
term, many interpret it as such.



commentators find this practice acceptable for disorders such as Tay-Sachs disease, a serious
neurodegenerative disorder that is fatal within the first few years of life, some voice concerns
that expansion of available predictive tests will lead to inappropriate prenatal and/or pre-
implantation selection against less serious genetic disorders.”® As new tests continue to be
developed, reproductive testing also will become increasingly available to detect gene
variants that do not result in disease with 100 percent certainty (for example, BRCA testing
for breast cancer susceptibility),”* including variants that may increase risk for behavioral or
cognitive disorders (for example, bipolar disorder) or physical traits, including sex.”

Even for single-gene disorders present from birth, decisions to offer or use
reproductive testing may not be straightforward. For example, the Institute of Medicine
Committee on Assessing Genetic Risks pointed out that for certain single-gene disorders,
the range and/or severity of symptoms can be very variable and that genetic testing
generally cannot provide information about such variability.” Gaucher disease, for
example, is an autosomal recessive disease with a wide range in severity; in fact, carrier
screening programs have detected individuals who carry two mutant copies of the
relevant gene but who have only mild or no symptoms.”™ While some commentators state
that prenatal diagnosis should be offered only for serious genetic disorders and birth
defects,’® others point out that for individuals and couples, definitions of “serious” will

70 See, for example, President’s Commission for the Study of Ethical Problems in Medicine and Biomedical
and Behavioral Research, Screening and Counseling for Genetic Conditions (Washington, D.C.: U.S.
Government Printing Office, 1983), 94; Institute of Medicine Committee on Assessing Genetic Risks,
Assessing Genetic Risks: Implications for Health and Social Policy, ed. L. B. Andrews et al. (Washington,
D.C.: National Academy Press, 1994), 8, 166; R. Cook-Deegan, “Private Parts,” The Sciences,
March/April, 1994, 18; see also Botkin, “Ethical Issues and Practical Problems in Preimplantation Genetic
Diagnosis,” 23-24.

" J. M. Lancaster, R. W. Wiseman, and A. Berchuck, “An Inevitable Dilemma: Prenatal Testing for
Mutations in the BRCAL Breast-Ovarian Cancer Susceptibility Gene,” Obstetrics and Gynecology 87
(1996): 306; T. M. U. Wagner and R. Ahner, “Prenatal Testing for Late-Onset Diseases such as Mutations
in the Breast Cancer Gene 1 (BRCA1),” Human Reproduction 13 (1998): 1125.

"2 For a discussion of genetics and behavioral and cognitive traits, see Chapter 4, page 86.

3 See page 55, this chapter. See also D. C. Wertz and J. C. Fletcher, “Ethical and Social Issues in Prenatal
Sex Selection: A Survey of Geneticists in 37 Nations,” Social Sciences Medicine 46 (1998): 255; Ethics
Committee of the American Society of Reproductive Medicine, “Sex Selection and Preimplantation Genetic
Diagnosis,” Fertility and Sterility 72 (1999): 595.

™ Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 166.

5 See D. Kronn, V. Jansen, and H. Ostrer, “Carrier Screening for Cystic Fibrosis, Gaucher Disease, and
Tay-Sachs Disease in the Ashkenazi Jewish Population,” Archives of Internal Medicine 158 (1998): 777,
779; see also J. Azuri et al., “Asymptomatic Gaucher Disease Implications for Large-Scale Screening,”
Genetic Testing 2 (1998): 297. Azuri et al. state that in Israel, gene frequency studies estimate there are
2,500 persons who have two mutant copies of the gene associated with Gaucher disease, but only 400 have
been diagnosed. See also Chapter 5, page 130.

76 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 8; E. R. Hepburn,
“Genetic Testing and Early Diagnosis and Intervention: Boon or Burden?” Journal of Medical Ethics
(1996): 105, 109.



vary,’” that the availability of such services is inevitable,’® and that “it will become
impossible to enforce lines, even if they are drawn.”"®

Some commentators express concerns that an expanding range of conditions that will
not be considered “bearable” will restrict concepts of what is “normal,”® that society will
grow increasingly intolerant of disability,®! and that parents, in search of their “designer
child,”? will suffer disappointments when their expectations of such a child are not met.%?
Others point to societal harms posed by sex selection related to “unbalancing the sex ratio
and perpetuating gender stereotyping.”?*

Predictive Testing for Late-Onset Disorders

Not all genetic disorders manifest at birth or during infancy. Some single-gene and
most complex disorders manifest later: during childhood, adolescence, or adulthood. Late-
onset predictive testing aims to determine whether an asymptomatic individual has inherited
a gene variant that increases risk for such a disorder.

Most commentators distinguish between two categories of late-onset predictive
testing, based on the degree of certainty that an accurate genetic test can provide.
“Presymptomatic” testing detects gene variants that lead to disease with 100 percent
certainty, provided an individual lives long enough. “Susceptibility” (also referred to as
“predispositional”) testing has lower predictive value; test results provide relative risk
information only.

Since genetic testing began, late-onset testing has comprised only a small percentage
of predictive testing, and most of this has been presymptomatic testing for rare single-gene
disorders. This is changing, however, because of the massive increase in information about
gene variants that contribute to complex disorders such as cancer, heart disease, and some
psychiatric disorders. Both presymptomatic and susceptibility testing may predict disease
risk up to decades in advance of any symptoms, often in the absence of confirmed preventive
or treatment interventions.

" D. Wertz, “Drawing Lines: Notes for Discussion,” in Prenatal Testing for Genetic Disability, ed. E.
Parens (Washington, D.C.: Georgetown University Press, 2000).

8 Hepburn, “Genetic Testing and Early Diagnosis,” 109; A. Lippman, “Prenatal Genetic Testing and
Screening: Constructing Needs and Reinforcing Inequities,” American Journal of Law and Medicine 17
(1991): 15, 25; Wertz, “Drawing Lines.”

" Wertz, “Drawing Lines.”

8 Lippman, “Prenatal Genetic Testing and Screening,” 25.

81 See J. L. Nelson, “The Meaning of the Act: Reflections on the Expressive Force of Reproductive
Decision Making and Policies,” Kennedy Institute of Ethics Journal 8 (1998): 165; D. Kaplan and M.
Saxton, “Disability Community and Identity: Perceptions of Prenatal Screening,” Gene Watch 12 (April,
1999): 4.

82 Hepburn, “Genetic Testing and Early Diagnosis,” 109.

8 Ibid.; see also J. R. Botkin, “Prenatal Screening: Professional Standards and Limits of Parental Choice,”
Obstetrics and Gynecology 75 (1990): 875, 879.

8 Wertz, “Drawing Lines.”



Presymptomatic Testing

Presymptomatic testing aims to detect mutant gene variants that confer a virtually
100 percent chance of developing a disorder. Perhaps the best known example is testing for
Huntington disease, an autosomal dominant neurodegenerative disease that affects about 1 in
20,000 individuals.®® Any person who has a parent with Huntington disease has a 50 percent
chance of developing the disease later in life, based on whether they inherit the mutant versus
the normal copy of the disease-associated gene from that parent. Symptoms generally begin
in the fourth decade or later and result in progressive and severe mental deterioration and
eventual death. Genetic testing to determine Huntington disease risk is prototypical of
testing that can predict risk decades in advance of disease onset and in the absence of any
preventive or treatment options.

The first genetic test to predict Huntington disease risk within affected families
became available in 1983, after scientists identified a DNA marker that was co-inherited, or
“linked,” with development of the disease. Linkage testing is an indirect DNA-based testing
method that traces disease-linked gene markers throughout affected families and predicts
whether unaffected individuals are at increased or decreased risk for the family disorder; it
does not provide a definitive positive or negative result.

Because of the severity of Huntington disease, the lack of clinical interventions, and
the limitations of linkage testing methods, the earliest genetic testing programs required
extensive pretest and posttest counseling and follow-up.®” Investigators worried that a test
result indicating that a person was likely to develop Huntington disease might elicit
catastrophic psychological responses. In fact, while a few individuals who learned that they
were likely to develop the disorder did experience grave psychological distress, most did
not.28 In one study, one year after receiving a result highly predictive for the disease, most
individuals showed a greater sense of psychological well-being than individuals who had not
been tested and whose risk status remained uncertain.®® Individuals informed that they most

8 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 217. See also Chapter 1, page 16.

8 | inkage testing is performed when chromosomal markers known to be close to a yet unidentified gene are
available. It is less reliable than direct DNA testing because even closely linked chromosome segments can
segregate from generation to generation. It requires testing of symptomatic and asymptomatic family
members and, based on analysis parameters, assigns a quantitative level of risk. See Chapter 2, page 36.

87 S. Wiggins et al., “The Psychological Consequences of Predictive Testing for Huntington’s Disease,”
New England Journal of Medicine 327 (1993): 1401.

8 R. H. Meyers, “Direct Testing for Huntington’s Disease,” The Genetic Resource 8, no. 2 (1994): 5, 6.
See also E. W. Almgpvist et al., “A Worldwide Assessment of the Frequency of Suicide, Suicide Attempts,
or Psychiatric Hospitalization after Predictive Testing for Huntington Disease,” American Journal of
Human Genetics 64 (1999): 1293. The 1999 study confirms that a small percentage of individuals respond
catastrophically to a positive test result; see page 71, this chapter.

8 Wiggins, “Psychological Consequences,” 1404. The study involved 135 individuals. The “increased
risk,” “decreased risk,” and “no change” groups contained 37, 58, and 40 individuals, respectively. The “no
change” group contained self-selected individuals who either could not be tested (for example, due to
unavailability of family members for testing) or chose not to be tested but agreed to participate in the study.



likely had not inherited the mutation also generally showed a psychological health benefit,
although 10 percent reported serious difficulty in coping with the knowledge. Problems included
facing an “unplanned future” and/or the realization that the test results did not confer power or
resolve existing personal problems as expected. Both positive and negative test results enabled
individuals to make life-planning decisions, including reproductive decisions.*

In 1993, scientists discovered the Huntington disease-associated gene, enabling
development of a direct, PCR-based gene test.”® The direct test can definitively determine
whether an individual has inherited the mutated gene copy. The direct test also is less expensive
than linkage testing, and it does not require testing of additional family members.®2

Susceptibility (Predispositional) Testing

Susceptibility tests detect gene variants that significantly increase an individual’s risk
for a particular disorder but not to the level of 100 percent. The effects of other genes and
environmental factors influence the likelihood that a disease associated with a particular
genetic susceptibility variant will develop. The predictive value of available gene tests varies
accordingly. While many people think of predictive genetic tests as “crystal balls,” one
commentator has compared the predictive power of susceptibility tests to that of weather
forecasts.*®

Some commentators predict that susceptibility testing will be the most common type
of genetic testing offered in the near future® and that, within a decade, physicians will
routinely offer predictive genetic testing panels to determine an individual patient’s future
health risks.®® Others, however, question the usefulness of susceptibility testing and express
concerns about potential harms.®® In addition to the potential harms posed by all late-onset
genetic tests,®” susceptibility testing raises special concerns because of the limited predictive
power of tests, potential overemphasis on the meaning of test results,®® and availability of
testing before extensive population data have been collected.®

% An accurate, direct DNA-based test now allows prenatal and pre-implantation testing. See pages 51 and
53, this chapter.

%1 The HD gene mutation is a trinucleotide repeat expansion (see Chapter 1, page 10). American College of
Medical Genetics (ACMG)/American Society of Human Genetics (ASHG) Huntington Disease Genetic
Testing Working Group, “ACMG/ACSG Statement: Laboratory Guidelines for Huntington Disease Genetic
Testing,” American Journal of Human Genetics 62 (1998): 1243. For a discussion of PCR, see Chapter 2,
page 34.

92 While disease prediction may be certain, age of onset varies significantly. For example, for individuals
sharing an identical mutation of the huntingtin gene, recorded age of onset ranges from 28 to 66. Meyers,
“Direct Testing for Huntington’s Disease,” 5, 6.

% Juengst, “Caught in the Middle Again,” 191.

% J. Bell, “The New Genetics in Clinical Practice,” British Medical Journal 316 (1998): 618.

% F. S. Collins, “Shattuck Lecture — Medical and Societal Consequences of the Human Genome Project,”
New England Journal of Medicine 341 (1999): 28, 34-35.

% See, e.g., S. Lehrman, “Predictive Genetic Testing: Do You Really Want to Know Your Future?” DNA
Files website: http://www.dnafiles.org/about/pgm4/topic.html, visited November 25, 1998.

9 See page 70, this chapter.

% See Chapter 4, page 91.

9 See Chapter 2, page 43.



BRCAL and BRCA2 Gene Mutation Testing

Perhaps the best known example of susceptibility testing is for mutations in genes termed
breast cancer susceptibility genes.’® Two genes, BRCAL and BRCA2, were discovered in 1994
and 1995, respectively.®* Both genes were discovered by research involving families in which
breast and/or ovarian cancer occurred at an unusually high incidence. This high cancer incidence
suggested that within these families, inheritance of a single mutant gene variant conferred
susceptibility to breast and/or ovarian cancer.1%2

DNA-based testing of both BRCA genes quickly became commercially available.1%3
Both genes are very large and complex, and several hundred mutations have been identified for
each. As a result, the test must scan, or “sequence,” thousands of DNA bases of both genes.?%*
Once a particular mutation is identified within a family, testing of additional family members can
then “zero in” on that particular mutation. This approach also is used for testing in particular
subpopulations that are at risk for inheriting one or more mutations known to be frequent within
that group.® For example, women of Ashkenazi Jewish descent are known to be at significantly
elevated risk for inheritance of one of three specific BRCA gene mutations. %

Although BRCA gene testing analyzes thousands of bases of both genes, it is subject to
two major limitations of DNA-based genetic tests: (1) limited sensitivity (i.e., limited ability to
detect all true positives) and (2) limited ability to predict whether inheritance of a particular gene

100 Although the BRCA genes are commonly termed “breast cancer susceptibility” genes, the normal
versions of these genes play a role in the function of normal breast tissue. Cancer susceptibility is due to
mutations that impair the function of these genes.

101 For an overview of BRCAL and BRCA2 genes, see G. B. Mann and P. I. Borgen, “Breast Cancer Genes
and the Surgeon,” Journal of Surgical Oncology 67 (1998): 267; S. L. Neuhauser and E. A. Ostrander,
“Mutation Testing of Early-Onset Breast Cancer Genes BRCA1 and BRCA2,” Genetic Testing 1 (1997):
75; 5; A. M. Martin and B. L. Weber, “Genetic and Hormonal Risk Factors in Breast Cancer,” Journal of
the National Cancer Institute 92 (2000): 1126; T. S. Frank, “Laboratory Determination of Hereditary
Susceptibility to Breast and Ovarian Cancer,” Archives of Pathology and Laboratory Medicine 123 (1999):
1023.

102 Familial cases of breast and/or ovarian cancer account for 5 to 10 percent of all breast cancers. In some
families, breast and/or ovarian cancer susceptibility appears as a single-gene trait. P. Kahn, “Coming to
Grips with Genes and Risk,” Science 274 (1996): 496; see also National Cancer Institute, “Genetics of
Breast and Ovarian Cancer,” National Cancer Institute website: http://cancernet.nci.nih.gov/clinpdg/
cancer_gen/, visited August 16, 1999. Of families with three or more affected relatives, about two-thirds
were found to have a mutation in either the BRCA1 (39 percent) or BRCA2 (25 percent) gene. C. I. Szabo
and M. C. King, “Population Genetics of BRCA1 and BRCA2,” American Journal of Human Genetics 60
(1997): 1013. See also D. Ford et al., “Genetic Heterogeneity and Penetrance Analysis of the BRCA1 and
BRCA2 Gene in Breast Cancer Families,” American Journal of Human Genetics 62 (1998): 676.

103 In the text, BRCA will refer to both BRCA1 and BRCAZ2.

104 Neuhauser and Ostrander, “Mutation Testing of Early-Onset Breast Cancer Genes”; Shen et al., “Novel
Mutations in BRCAI and BRCA2 Genes Detected by Automated High Throughput Sequencing,”
presentation at the Annual Meeting of the American Society of Human Genetics, Denver, CO, October
1998. For discussion of DNA sequencing, see Chapter 2, page 35.

195 Frequent mutation incidence in a subpopulation is due to a “founder effect,” which results from a rapid
population expansion from a small ancestral group in which one or more ancestors carried a mutant gene.
Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 343.

106 Szabo and King, “Population Genetics,” 1015. Researchers estimate that the frequency of each of these
three BRCA gene mutations in the Ashkenazi Jewish population is close to 1 percent.



mutation will result in disease.'®” Limited sensitivity is caused by the inability of the test
to detect all possible mutations that affect BRCA gene function, such as mutations that
are “outside” the gene but that may affect the turning on and off of the gene.!%® One
commentator estimated that testing could miss 5 to 15 percent of clinically significant
BRCA gene mutations.1% Also, current data suggest that mutations in other genes also
may contribute to genetic susceptibility to breast cancer susceptibility.!1® Testing limited
to BRCAL and BRCAZ2 genes would not detect these susceptibility variants.

The second limitation is the uncertainty of prognostic risk information for specific
mutations.!'! Some of the identified BRCA gene mutations clearly abolish or impair the
function of the protein that is produced from the gene and thereby increase cancer risk.'?
However, other mutations, called genetic variants of “undetermined clinical importance,”
cause minor changes in the protein that may or may not affect its function or increase
disease risk.1** For women who are identified to have variants of undetermined clinical
importance, follow-up studies are needed to determine whether these mutations increase
cancer risk.114

Even for a particular mutation, the degree of disease risk may vary among
individuals because of other genetic and environmental factors, such as pregnancy
history, hormonal history, and exposure to toxic agents. For susceptibility testing, the
degree of risk in the general population often is less than that for individuals in the
unusually high-risk families in which the genes are discovered. Original research studies
that led to the discovery of the two BRCA genes were performed in about 200 families
that each had at least four members affected by breast and/or ovarian cancer. In these
families, lifetime risk for breast cancer based on inheritance of a gene mutation was

107 See Chapter 2, page 43.

108 Mutations occurring outside DNA coding regions (exons) would not be detected. See Chapter 1, page 9.
Both BRCA genes have over twenty exons and introns. BRCA gene sequence analysis also will not detect
large structural changes that occur in one gene copy. See Neuhauser and Ostrander, “Mutation Testing of
Early-Onset Breast Cancer Genes,” 76.

109 D, Shattuck-Eidens et al., “BRCA1 Sequence Analysis in Women at High Risk for Susceptibility
Mutations,” Journal of the American Medical Association 278 (1997): 1242.

110 For example, investigators believe that at least one more undiscovered gene accounts for a significant
minority of high incidence breast cancer families. Szabo and King, “Population Genetics”; Ford, “Genetic
Heterogeneity and Penetrance Analysis.”

11 p. Watson, J. N. Marcus, and H. T. Lynch, “Prognosis of BRCA1 Hereditary Breast Cancer,” The
Lancet 351 (1998): 304.

112 Nonsense and frameshift mutations produce nonfunctional proteins. See Chapter 1, page 10.

113 Frank, “Laboratory Determination of Hereditary Susceptibility to Breast and Ovarian Cancer,” 1025.

114 Missense mutations produce proteins with a single changed amino acid, which may or may not disrupt
protein function. See Chapter 1, page 10. Myriad Genetics, a commercial testing laboratory, will record
such mutations in its database for follow-up to determine clinical significance. Shen, “Novel Mutations in
BRCA1 and BRCAZ2”; see also Myriad Genetics website: http://www.myriad.com/Ocorp/labs/labO1b.html,
visited November 9, 1998.



calculated to be 87 percent.!® For women with less extensive family history, however, the
degree of lifetime cancer risk associated with inheritance of a mutation may be significantly
lower.*®  For example, follow-up studies show that the three BRCA gene mutations that
have an increased incidence in the Ashkenazi Jewish population confer a breast cancer risk
estimated at 36 to 56 percent.!'’ For most susceptibility tests, years of data collection and
analysis are required to calculate reliable odds for different populations.*®

Another complicating issue for BRCA gene testing is that, for women who test
positive, posttest decisions about clinical preventive options can be difficult and complex.
Options include heightened surveillance, prophylactic surgery to remove breast and/or
ovarian tissue, and chemoprevention.*® Heightened surveillance cannot eliminate future
cancer risks, and many women who are at risk for familial cancer undergo increased
monitoring regardless of genetic testing. Prophylactic surgery significantly reduces but does
not eliminate future cancer risk and is a “major, irreversible step” that can have significant
psychological, health, and social ramifications.*?® Prophylactic hormonal therapy, another
option, also poses other health risks and lacks clear efficacy data for women who have
BRCA gene mutations.?!

115 Mann and Borgen, “Breast Cancer Genes,” 267; B. Healy, “BRCA Genes — Bookmaking,
Fortunetelling, and Medical Care,” New England Journal of Medicine 336 (1997): 1448; see also Ford,
“Genetic Heterogeneity and Penetrance Analysis,” 676.

116 A fact sheet issued by the National Action Plan for Breast Cancer and the National Cancer Institute
states that lifetime breast cancer risk associated with inheritance of a BRCAL1 or BRCA2 mutation is 50 to
85 percent, and “the risk for some women may be lower.” National Action Plan on Breast Cancer and
National Cancer Institute, Fact Sheet: Genetic Testing for Breast Cancer Risk: It’s Your Choice,
(Washington, D.C.: Government Printing Office, November 1997), 1; also available at the National Cancer
Institute website: http://rex.nci.nih.gov/NCI_PUB_INDEX_GENBRST/INDEX.HTM, visited July 7, 2000.
See also Mann and Borgen, “Breast Cancer Genes,” 267.

117 See Healy, “Bookmaking, Fortunetelling, and Medical Care”; J. Struewing et al., “The Risk of Cancer
Associated with Specific Mutations of BRCA1 and BRCA2 among Ashkenazi Jews,” New England Journal
of Medicine 336 (1997): 1401; F. H. Fodor et al., “Frequency and Carrier Risk Associated with Common
BRCA1 and BRCA2 Mutations in Ashkenazi Jewish Cancer Patients,” American Journal of Human
Genetics 63 (1998): 45. Another study of a single BRCA2 gene mutation that is frequent in the Icelandic
population estimated lifetime breast cancer risk of 37 percent for those who carry the mutation. S.
Thorlacius et al., “Population-Based Study of Risk of Breast Cancer in Carriers of BRCA2 Mutation,” The
Lancet 352 (1998): 1337.

118 For example, the Cooperative Breast Cancer Registry, organized at the National Cancer Institute, is
performing a multiyear clinical data collection on thousands of women with cancer and their relatives.
Kahn, “Coming to Grips,” 498.

119 See D. Schrag et al., “Life Expectancy Gains from Cancer Prevention Strategies for Women with Breast
Cancer and BRCA1 or BRCA2 Mutations,” Journal of the American Medical Association 283 (2000): 617.
120 See M. H. Frost et al.,, “Long-term Satisfaction and Psychological and Social Function following
Bilateral Prophylactic Mastectomy,” Journal of the American Medical Association 284 (2000): 319, 322.
121 K. 1. Pritchard, “Is Tamoxifen Effective in Prevention of Breast Cancer?” The Lancet 352 (1998): 80.
Efficacy data are limited for the general population, as well as for the subpopulation of women with BRCAL
or BRCA2 gene mutations; the latter may be differentially responsive. See, e.g., Watson, Marcus, and
Lynch, “Prognosis of BRCA1,” 304.



Other Genetic Susceptibility Tests

Other susceptibility tests cover a broad range of diseases, and the gene variants tested
for contribute a variable range of risk. The test methods also vary considerably, from the
extensive DNA sequencing of BRCA testing to detect any possible mutation to testing for
one or a few identified population variants (alleles) that are linked to increased risk for
certain disorders. The amount of clinical data that links a gene variant to a disease risk also
varies. In some cases, the roles of secondary genetic and environmental factors involved in
disease etiology have been identified. A few representative examples of genetic
susceptibility tests are presented in this section.

Hereditary Nonpolyposis Colorectal Cancer

Hereditary nonpolyposis colorectal cancer (HNPCC) is a dominant disorder
associated with familial colon cancer. Researchers estimate that 1 to 5 in 1,000 individuals
carry a dominant mutation in one of six (or more) DNA repair, or “proofreader,” genes that
may lead to this disorder.'?? Individuals who inherit one of these mutations have a 70 to 80
percent chance of developing colon cancer in their lifetime, accounting for about 3 percent of
the approximately 135,000 cases of colon cancer diagnosed annually in the United States.*?®
Women who inherit a mutation also are at significant risk for endometrial cancer.'** DNA-
based testing is available for at least two of the genes associated with HNPCC. A positive
genetic test identifies individuals who can benefit from periodic colonoscopic and other
monitoring.*?®

Alpha-1 Antitrypsin Deficiency

Alpha-1 antitrypsin deficiency is an autosomal recessive condition that places
individuals at risk for emphysema, an adult-onset chronic lung disease.'?® Individuals
who inherit two mutant copies of the alpha-1 antitrypsin gene have a twenty-fold or
higher risk of developing emphysema than the general population. The likelihood that
persons who inherit two mutant copies of this gene will develop emphysema depends
largely on whether they smoke.'? Smokers generally develop symptoms of emphysema

122 . T. O’Leary, “Molecular Diagnostics of Hereditary Nonpolyposis Colorectal Cancer,” Journal of the
American Medical Association 282 (1999): 281. For a discussion of DNA repair genes, see Chapter 1,
page 19.

128 F. M. Giardiello, “Genetic Testing in Hereditary Colorectal Cancer,” Journal of the American Medical
Association 278 (1997): 1228.

124 O’Leary, “Molecular Diagnostics of Hereditary Nonpolyposis Colorectal Cancer,” 261.

125 Cancer Genetics Studies Consortium, “Consensus Statement: Recommendations for Follow-up Care of
Individuals with an Inherited Predisposition to Cancer |I. Hereditary Nonpolyposis Colon Cancer,” Journal
of the American Medical Association 277 (1997): 915.

126 For discussion of autosomal recessive disorders, see Chapter 1, page 16.

127 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 125; see also World Health
Organization, “Alpha-1 Antitrypsin Deficiency: Memorandum from a WHO Meeting,” Bulletin of the
World Health Organization 75 (1997): 397.



between ages thirty and forty, with a median age of death at fifty, while nonsmokers
typically remain disease-free or develop milder disease later in life.12

In the Northern European population, approximately 1 in 2,500 individuals
inherits two copies of identified susceptibility variants for alpha-1 antitrypsin deficiency,
placing them at increased risk.*?® Predictive genetic testing is available, and some
commentators suggest that a positive test result may give individuals a strong incentive to
avoid cigarette smoking.t%

Apolipoprotein E Variants and Late-Onset Alzheimer Disease

Apolipoprotein E (APOE) testing does not scan for every possible mutated variant
of the APOE gene — it analyzes whether a person has inherited one or two copies of the
three major population APOE gene variants.!3! Every individual has two copies of the
APOE gene, generally one or two copies of any of the three most common forms, called
APOE2, APOE3, and APOE4.1*2 The protein produced from the APOE gene is present
in the blood and is involved in transport of cholesterol. Inheritance of certain APOE gene
variants is linked to risk for some cardiovascular disorders.!3® Testing for APOE variants
is not a standard test in cardiology practice today, but it is used sometimes by
cardiologists to help guide clinical decisions for their patients.!3

In addition to indicating risk for some forms of cardiovascular disease, data
indicate that inheritance of one particular APOE variant, APOE4, is linked to a higher
incidence of late-onset Alzheimer disease in some populations.'® The test’s power to
predict Alzheimer disease risk, however, is limited, and no established clinical preventive
measures exist for those who test positive. While inheritance of one or two copies of the
APOEA4 variant is associated with increased risk for late-onset Alzheimer disease, many
individuals with an APOE4 variant do not develop the disease, and a large percentage of

128 J. T. R. Wilcke, “Late-Onset Genetic Disease: Where Ignorance Is Bliss, Is It Folly to Inform
Relatives?” British Medical Journal 317 (1998): 744.

129 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 125. An additional 1 in 800
individuals has a genotype associated with a somewnhat lower degree of risk.

130 Wilcke, “Late-Onset Genetic Disease,” 744.

131 For discussion of gene polymorphism, see Chapter 1, page 12.

132 possible genotypes are E2/E2, E3/E3, E4/E4, E2/E3, E2/E4, E3/EA4.

133 P, W. F. Wilson et al., “Apolipoprotein E Alleles, Dyslipidemia, and Coronary Heart Disease: The
Framingham Offspring Study,” Journal of the American Medical Association 272 (1994): 1666.

134 R. Wachbroit, “The Question Not Asked: The Challenge of Pleiotropic Genetic Tests,” Kennedy
Institute of Ethics Journal 8 (1998): 131, 133; H. T. Greely, “Special Issues in Genetic Testing for
Alzheimer Disease,” Genetic Testing 3 (1999): 115, 117-118. Greely reported results from a telephone
survey of clinical laboratories in which three United States laboratories estimate performance of “hundreds”
and in one case “thousands” of tests for this purpose annually.

135S, Seshadri, D. A. Drachman, and C. F. Lippa, “Apolipoprotein E4 Allele and the Lifetime Risk of
Alzheimer’s Disease: What Physicians Know, and What They Should Know,” Archives of Neurology 52
(1995): 1074; Greely, “Special Issues in Genetic Testing for Alzheimer Disease.”



individuals with Alzheimer disease lack the APOE4 variant.’*® Based on current
information about the linkage between Alzheimer disease and the APOE4 gene variant,
professional societies and consensus panels have agreed that APOE genetic testing should
not be used for prediction of Alzheimer disease.™*’

Benefits and Risks of Late-Onset Testing
Benefits of Testing

Reduced Morbidity and Mortality

For some genetic tests, a positive test result (confirming inheritance of a mutation)
may enable individuals to adopt preventive interventions; these tests are said to have
clinical utility.!® For example, individuals with a susceptibility mutation for colorectal
cancer can undergo frequent colonoscopy. Individuals who learn that they are susceptible
to particular environmental agents can reduce their disease risk by avoiding exposure to
those agents. For example, individuals who learn that they have inherited an alpha-1
antitrypsin deficiency and are at much higher risk than the general population for
smoking-related disorders can greatly reduce their risks by avoiding cigarette smoking.

In cases of familial mutations, a negative test result can spare individuals the need
to undergo often frequent and invasive monitoring, such as periodic colonoscopy. As an
example of what one researcher refers to as a “best case” scenario for predictive genetic
testing, a woman at very high risk for breast cancer based on family history was spared
planned prophylactic mastectomy when testing results showed that she had not inherited
the familial BRCA1 gene mutation. 1%

1% Individuals who inherit one APOE4 allele have a doubled risk for late-onset Alzheimer disease, but their
lifetime risk is less than 30 percent. Seshadri, Drachman, and Lippa, “Apolipoprotein E4 Allele and the
Lifetime Risk of Alzheimer’s Disease,” 1074. Risk is higher, but not 100 percent, for individuals who
inherit two copies of APOE4, about 1 to 2 percent of the population. ACMG/ASHG, “Statement on Use of
Apolipoprotein E Testing for Alzheimer Disease,” Journal of the American Medical Association 274
(1995): 1627. See also Chapter 1, page 18.

137 ACMG/ASHG, “Statement on Use of Apolipoprotein E Testing,” 1627; National Institute on
Aging/Alzheimer’s Association Working Group, “Apolipoprotein E Genotyping in Alzheimer’s Disease,”
The Lancet 347 (1996): 1091; S. G. Post et al., “The Clinical Introduction of Genetic Testing for Alzheimer
Disease: An Ethical Perspective,” Journal of the American Medical Association 277 (1997): 832; L. M.
McConnell et al., “Genetic Testing and Alzheimer Disease: Has the Time Come?” Nature Medicine 4
(1998): 757.

138 For discussion of clinical utility, see Chapter 2, page 43.

139 F. S. Collins, “The Human Genome Project and the Future of Medicine,” Annals of the New York
Academy of Sciences 882 (1999): 42, 48; see also B. Ponder, “Genetic Testing for Cancer Risks,” Science
278 (1997): 1050, 1051.



Psychological Benefits

Reducing uncertainty is one of the most common reasons that individuals choose to
undergo predictive genetic testing.2*® For some identified familial mutations, a negative test
result can relieve anxiety about personal risk. In one study, for example, high-risk
individuals who tested negative for a familial BRCA1 mutation showed statistically
significant reduction in depressive symptoms.*** Those who test positive for a mutation also
may benefit psychologically from the reduction of uncertainty and the ability to make life-
planning decisions, as was seen for many individuals who learned they were at risk for
Huntington disease.'*> In another example, one woman who learned that she had inherited
two copies of the APOE4 gene variant linked to Alzheimer disease risk stated that after
initial “devastation,” she was glad she had been tested and that the knowledge has provided
more control in her life.**

Informed Reproductive Choices

Testing may be used to inform reproductive decisions. Individuals who would
refrain from reproduction — for example, those with a family history of Huntington disease
— may choose differently when informed that they have not inherited the disease-associated
mutation.X** Individuals who test positive for a mutation may opt to use reproductive testing,
including pre-implantation and prenatal testing, to allow for the birth of an unaffected
child.1*

Other Potential Benefits

Additional benefits cited by some individuals who undergo testing are the ability to
provide information about genetic risk to their offspring'*® and other family members and to
contribute to scientific research.!*” In addition to directly benefiting individuals, negative
genetic test results for individuals in affected families can save health care dollars otherwise
spent in monitoring and/or intervention.’*® For example, within families affected by one
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form of familial colon cancer, one study showed that health care costs were reduced by the
use of genetic testing as compared to conventional clinical strategies.**

Risks of Testing
Limited Test Validity

For susceptibility testing, limits to clinical validity, that is, limitations to the test’s
ability to predict who will or will not develop a gene-associated disorder, are of concern.
The rush to market tests before clinical validity is sufficiently established for the general
population poses the risk of unwarranted testing, unnecessary psychological distress, and
harms associated with unnecessary or prematurely implemented medical treatment. Data
collected from high-risk research subjects may not be representative of findings for other
individuals, as was seen for BRCA testing.’®® Genetic test development based on
research with population groups not representative of the general population also may
miss disease-associated variants common in minority population groups, such as African
Americans. !

Even for tests with established clinical validity, including presymptomatic tests,
there is a chance of a general testing error, including sample mix-ups or reporting errors.
In one example, two individuals who had inherited a mutation for Huntington disease
underwent linkage testing and were told that they were not at risk, based on errors in
assembling of family pedigree information.?>? In another example, a woman incorrectly
informed that she had inherited a BRCAL gene mutation that placed her at risk for breast
and ovarian cancer had her ovaries removed before learning of the testing error.*>3

Limited Clinical Utility and Psychological Risks

The development of clinical interventions lags behind the ability to predict future
disease. This lag has been referred to as a “therapeutic gap.”*®* When a serious disease
for which no interventions exist is predicted, psychological distress may result. This
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interpretations of DNA linkage analysis tests. Both individuals were initially informed that they were not
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mutation.
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scenario for Huntington disease testing, which can now predict familial risk with virtually
100 percent certainty, prompted one commentator to ask: “Do you want to know how and
when you are going to die, especially if you have no power to change the outcome?
Should such knowledge be made freely available? How does a person choose to learn
this momentous information? How does one cope with the answer?”® A recent
worldwide assessment of response to a positive predictive test result for Huntington
disease showed that almost 1 percent of such cases resulted in a “catastrophic event” such
as psychiatric hospitalization or a suicide attempt.1°®

Preventive interventions also may be limited or nonexistent for other, more
common, disorders for which susceptibility testing is available, such as Alzheimer
disease and cancer. In such cases, testing may cause psychological distress. A specialist
on Alzheimer disease stated, “If we tell you what your [APOE type] is, the only thing we
can do is potentially depress or elate you, with no substantive thing we can do as a
result.”'®>" One cancer specialist stated that patients avoid testing because they fear living
with the results, telling him, “I’'m not sure I could handle it psychologically.”**® Some
studies, however, show that receiving susceptibility test results (for example, for breast
cancer risk) has little impact on anxiety or depression.’®® One study suggested that
decisions not to test also might be harmful. 1% In this case, individuals in families known
to carry BRCA gene mutations and who showed a high baseline for familial cancer-
related stress experienced increased depressive symptoms after declining genetic
susceptibility testing.

Misinterpretation of and Misunderstanding Test Results

The increased role of primary care physicians — who typically lack training in
genetics — in ordering and interpreting susceptibility tests raises concerns that test results
may not be interpreted correctly.®® For example, one study showed that physicians
sometimes misinterpreted the meaning of a negative test result for a mutation associated with
familial colon cancer risk.’®? In this case, the DNA-based test used is insensitive to the
detection of certain types of mutations,'®® but some physicians interpreted a negative test
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result to rule out any chance of mutation. Such an error could result in the abandonment of
surveillance measures by at-risk individuals, with potentially life-threatening consequences.
Providers also may misunderstand the effectiveness of available interventions and the need to
provide adequate posttest counseling. For example, prior to confirmation that prophylactic
mastectomy significantly reduces breast cancer incidence in women at heightened risk due to
family history, one survey showed that 28 percent of nonsurgeon physicians and 50 percent
of surgeons would have recommended prophylactic mastectomy to women who test positive
for a BRCA1 mutation.®*

There also is a risk that individuals being tested will misunderstand correctly
interpreted probabilistic test results. Evidence indicates that many people have an overly
deterministic perception of genes and an inadequate understanding of probability.?®® This
might result in unwarranted distress following a positive test result; it also might result in
false reassurance that someone who tests negative for a susceptibility variant is at no risk for
future disease.

Potential of Discrimination

One risk that influences testing decisions is the possibility that a positive test result
may lead to the adverse use of genetic information in insurance or employment decisions.®
Definitive data are lacking and are difficult to document, but most practitioners and
professional organizations acknowledge that such concerns are well founded. The American
Society for Clinical Oncology, in a 1996 statement regarding genetic testing for cancer
susceptibility, acknowledged the potential for discrimination by health insurers.’®’” A fact
sheet issued by the National Human Genome Research Institute (NHGRI) states that fear of
insurance discrimination has deterred some women from obtaining BRCA gene testing and
that “their fears are not irrational.”*®® Several clinical centers that offer BRCA testing
reported that the most common reason cited to forgo testing are concerns about
confidentiality, health insurance, and discrimination-related financial sequelae.'®
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A positive test result also may lead to social stigmatization. Stigmatization may be
particularly likely for genetic variants that are associated with behavioral or psychological
disorders.t’® Also, some have expressed concerns about stigmatization of ethnic or racial
groups based on genetic research within defined subpopulations.t”* In the United States, for
example, some commentators have expressed concern that research focusing on the
Ashkenazi Jewish community is placing the community and its members at risk of
stigmatization.!’> One member of the community asked, “All the bad genes you talk about
are Jewish genes. Why?”17®

Perturbation of Family Relationships

Genetic testing may perturb family relations, based on the sharing of gene variants
(and associated risks) within families. Some members may seek genetic information,
whereas others may not wish to know of the existence of a familial mutation, especially in
the absence of an effective intervention. Faced with a positive predictive test result for a
dominant disorder by a parent or sibling, an individual is confronted with a fifty-fifty chance
that he or she is at similar risk.}’* A recent study of a large multigenerational family affected
by both a BRCA1 and a BRCA2 gene mutation illustrated the different responses of family
members to the knowledge of the familial mutations, different individual decisions about
whether to test, and altered family perceptions as a result of testing.!”® Another study found
that Huntington disease testing had significant impact on family structure and
communication, including “loss of family membership” based on genetic testing decisions or
results.!’®

Partners of individuals who are informed of an inherited risk for a late-onset disorder
also may experience distress, and relationships may be perturbed.'’”” Another potential risk is
the inadvertent disclosure of the nature of family relationships, including misattributed
paternity or undisclosed adoption.1’
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Beyond Clinical Disease Prediction: Biomarkers

In addition to diagnostic testing and predictive testing to detect heritable health risks,
researchers also are developing new applications for genetic testing to promote human
health. These applications focus on inherited genetic variation that occurs in genes that code
for proteins involved in the handling, activation, or neutralization of various drugs or
environmental toxins. These variants are called genetic biomarkers (biological markers).”
Currently, molecular epidemiological research is identifying biomarkers that provide
information about potential beneficial and adverse effects of drugs in different individuals
(pharmacogenetic biomarkers) and identify susceptibility to particular environmental agents
(biomarkers of susceptibility).1&

Biomarkers for Treatment: Pharmacogenetics

Genetic variations among individuals influence both positive and adverse
responses to new drugs. The study of these variations is called pharmacogenetics.'8! For
example, one study showed that responsiveness to pravastatin, a drug designed to lower
serum cholesterol levels and reduce heart attack risk, is linked to specific variations in a
gene that specifies a protein called cholesterol ester transferase protein (CETP).18
Variation in another gene that specifies a blood-clotting protein called factor V is another
example of a gene variation for which DNA-based testing can identify a minority of
individuals at increased risk for adverse effects of particular drugs. In this case, about 5
percent of Caucasian women possess a gene variant that makes them more susceptible to
formation of potentially lethal blood clots, the risk for which is increased by taking
certain oral contraceptives or hormonal treatments used to treat and prevent breast
cancer.8®
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Pharmaceutical companies are using genomic approaches to obtain information
about gene variants that underlie individual responses to drug treatments.!®  This
approach, called pharmacogenomics, could enable drug companies to target their clinical
trials to subpopulations that are likely to respond with more positive and/or fewer adverse
effects. For physicians and patients, genetic testing to tailor treatments for individual
patients could enable faster and safer treatment protocols. Pharmacogenomics also will
likely lead to development of targeted DNA-based drug therapies.

Many predict that pharmacogenetics will lead the way to individualized medicine and
enter mainstream clinical care in the next several years.'®® Generally, clinicians
will offer pharmacogenetic testing for a clear medical benefit. However, some
have expressed concerns about potential risks based on possible misuse of genetic
profile data in an individual’s medical record and on the possibility that
pharmaceutical companies may direct their pharmacogenetic research and
development toward specific classes of people. 18

Biomarkers of Susceptibility to Environmental Agents

Biomarkers of environmental susceptibility are genetic variants that confer
susceptibility to adverse effects of particular environmental exposures.'®” For example,
inheritance of variant forms of a set of related genes called P450 influences metabolism
of many environmental chemicals, including steroids and pollutants. About 10 percent of
Caucasians have a particular P450 gene variant that significantly increases cancer risks
associated with cigarette smoking.1%

A potential focus of biomarker susceptibility testing is workplace screening of
employees to detect individuals at increased genetic risk for specific exposure-related
disorders.'®® For example, workplace exposure to chemicals called aromatic amines is
associated with bladder cancer; individuals with a specific variant of a gene called N-
acetyltransferase are at increased risk.'*

While few, if any, companies currently screen for biomarkers of susceptibility,*
this may change. Researchers currently are seeking a genetic biomarker to screen 10,000
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workers exposed to the metal beryllium to identify a minority who may be susceptible to
development of an incurable lung disease.!®?  Also, the National Institutes of
Environmental Health and Sciences has launched the Environmental Genome Project, a
multidisciplinary and collaborative project that aims to document the variation of human
genes that affect responses to environmental exposures. %

Issues Surrounding Pleiotropic Genetic Information

A single gene may affect multiple, seemingly unrelated traits; this is referred to as
pleiotropy.’® Inheritance of a mutant variant of such a gene may affect risk for
seemingly unrelated health conditions. As a result of pleiotropy, individuals undergoing
testing to assess a risk for a particular disease or condition (or for pharmacogenetic
reasons)*®® may inadvertently learn that they also are at increased risk for an unrelated
condition. Concerns raised by one health condition may vary considerably from those for
another condition.’®® Genetic risk information for different health conditions learned
from a single test also may have different levels of clinical predictive value and utility
(including availability of preventive or therapeutic interventions) for the different
conditions.

One commentator has referred to genetic testing that provides risk information
about unrelated health conditions as pleiotropic genetic testing;'®” another has referred to
it as “versatile” testing.!%®® An example is genetic testing of the APOE gene to determine
which (and how many copies) of each of three major gene variants (APOE2, APOE3, and
APOE4) an individual has inherited.'®® Thousands of persons have undergone testing to
determine their APOE variant status as part of research or commercial testing based on a
complex association of APOE status with cardiovascular disease risk.’® Genetic
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information about one’s APOE status, however, also may provide risk information for
late-onset Alzheimer disease, for which no established preventive measures exist.?%

As more associations between disorders and gene variants are discovered, the
incidence of pleiotropic test information is likely to increase. The degree of relatedness
of conditions may vary. Some disorders affecting cardiac disease risk also may affect
conditions that have significant comorbidity with cardiac disease, such as obesity and
diabetes.?%? Gene mutations that increase risk for one type of cancer also may increase
risk for other types of cancer or for unrelated diseases. For example, one research study
showed that a gene mutation that increased tumor incidence in an experimental mouse
model also resulted in an increase in lupus-like autoimmunity.2%

Knowledge about pleiotropic effects of particular gene variants may be known at
the time of development of a genetic test or may only become apparent months or years
later. For example, from the initial offering of BRCA gene testing, inheritance of
particular BRCA gene mutations was known to increase risk for both breast and ovarian
cancer.?%*  Several years later, however, research showed that inheritance of a BRCA2
mutation may also significantly increase risk for other types of cancer, including prostate
cancer in men.?%® This pleiotropic character of genetic testing raises special concerns for
informed consent and counseling and for the psychosocial risks associated with predictive
testing.2%
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4

Social Perceptions, Misperceptions, and Misuses of Genetics

For centuries, people have believed that heredity can influence and even
determine a person’s behavioral as well as physical traits. Examples include
Shakespeare’s “blood-as-fate” references and cultural lore of “bad blood” and “bad
seeds.”?” From the late 1800s through the twentieth century, science generated theories
and evidence about how heredity works. From Darwin’s theory of evolution by natural
selection and Mendel’s genetic laws, subsequent scientific discoveries throughout the
past century have influenced how people view the power of heredity and have contributed
to a continuous “nature-nurture” debate. This debate attempts to determine the relative
roles of hereditary (nature) versus environmental (nurture) influences on individuals —
their health, their behaviors, and their fates.

Relative emphasis on the role of nature and of nurture has shifted during different
periods and in different contexts throughout the past century. For example, a nurture-
biased emphasis on the role of family and social factors in influencing personal fate
prevailed in criminology in the 1950s.2%  The role of nature, however, has been
emphasized during much of the last century, attributing a central role of inborn traits to
personal behaviors and fates, leading to what some have called genetic determinism.
Genetic determinism is a belief that genes predetermine individuals’ fates and that genetic
inheritance is immutable.?®® Within the United States and parts of Europe, genetic
determinism was especially strong during the first third of the twentieth century. The
era’s enthusiasm for the new science of genetics was sometimes translated, misguidedly,
into social policy. One manifestation was social eugenic programs to promote “good
births” and discourage “bad births.” 210
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In the midst of the current genetics “information revolution,”?! some
commentators see a renewed tendency to overemphasize hereditary, as opposed to
environmental, influences on health, behavioral, and cognitive factors.?!?> Past eugenic
practices and other reflections of genetic determinism raise concerns as the Human
Genome Project promotes genomic research and medicine. This chapter frames and
examines some of these concerns.

Genetics in the Twentieth Century: Misperceptions and Misuses

Eugenics

What Is Eugenics?

The word “eugenics” derives from the Greek eugenes, which means good or noble
birth. The term was introduced in 1883 by Francis Galton, a scientist and cousin of Charles
Darwin, as “the science of improvement of the human race germ plasm through better
breeding.”?® The goal of eugenics was to produce a “highly gifted race of men” within
several generations.?** Over the next several decades, two approaches were used in attempts
to attain this goal. “Positive eugenics” sought to promote reproduction by “fit” individuals
and classes, while “negative eugenics” discouraged or prevented births among the “unfit” or
“defective.” Although some define eugenics broadly to include any reproductive decision to
promote a healthy birth, the term generally has come to refer to a systematic and sometimes
coercive social policy of birth promotion or prevention.?*®

Eugenic concepts predate the science of genetics, indeed of Western science
generally. In fact, advocacy of a eugenic social policy can be found as early as Plato’s
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Republic.?!® Plato, who believed that temperament is inherited, envisioned an ideal society
in which men who showed exceptional courage in battle would be given extra opportunities
to father as many sons as possible. A negative eugenic practice, the abandonment of
unwanted infants, occurred throughout the ancient Western world (and elsewhere); in
Europe, it persisted up to the Industrial Revolution.?’

Misapplication of the new scientific ideas of the late 1800s and early 1900s,
however, was used to promote eugenic theories that supported existing stereotypes,
prejudices, and class structures.?!® Galton’s concept of eugenics derived from a flawed
application of Darwin’s theories and the concept of “survival of the fittest.” Darwin’s
theory holds that members of a species that best “fit” a particular environment will be
more likely to survive and to reach reproductive age than other species members that are
“less fit” for that environment. For example, a gray butterfly that blends with an
environment of gray twigs would be more likely than a black butterfly to escape predators
and live long enough to reproduce.?’® The black butterfly, however, would have the
adaptive survival (and, thereby, reproductive) advantage in an environment of black
twigs. Neither butterfly is intrinsically superior to the other.

Galton mistakenly interpreted “fitness” in humans on an absolute scale (i.e., some
humans are inherently superior to others) rather than on a relative scale (i.e., different
individuals are more or less suited to different environments). Eugenic criteria for human
“unfitness” included “immoral behavior,” poverty, lower than average intelligence, and
late-onset disorders such as Huntington disease, all of which generally do not influence
the ability to reproduce.??® In this skewed eugenic view, state-sponsored public health
and social welfare programs that supported lower social classes were perceived as
“artificial selection” that diverted the natural selection process and threatened race
“degradation.”??

Eugenic Policies in the United States

The eugenics movement blossomed in the United States and England during the
early 1900s. Known as the Progressive Era, this period was shaped by great enthusiasm
that new technologies and medical and statistical sciences would help manage, and
eventually cure, both social and medical ills.??> From 1905 to 1910, eugenics was the
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visited May 4, 1999.
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Screening,” American Journal of Medicine 93 (1992): 209, 211.



second most popular topic in American general circulation magazines?®® and was
described by some as a “civic religion.”??* A 1928 survey of 499 American colleges and
universities found that 343 offered courses in genetics and eugenics.?® As one
commentator remarks, to be against eugenics in this period was perceived to be “against
modernity, progress, and science.”??® Eugenics was embraced by many prominent
Americans, including President Theodore Roosevelt, who was concerned that
immigration into the United States by groups other than Anglo-Saxons would lead to
“race suicide.”??’

Positive eugenic activities included a nationwide system of contests promoting
“better babies,” “perfect schoolchildren,” and “fitter families” based on physical
measurements and performance criteria.??® Negative eugenics also flourished and eventually
included marriage and immigration restrictions, involuntary sterilization, and custodial
commitment. A central focus for these activities was the Eugenics Record Office at Cold
Spring Harbor, New York, established in 190422 The director of the Eugenics Record
Office, Charles Davenport, enthusiastically attempted to apply his understanding of Mendel’s
observations with pea plants?®° to human social problems. Davenport attributed behaviors
such as lust, criminality, alcoholism, “pauperism,” and “feeblemindedness” to genetic factors
and believed that unfit genes were especially prevalent among particular ethnic groups.?3*

Between 1911 and 1924, Davenport’s program trained and directed over 250 workers
for field research in human genetics. Workers conducted genealogical surveys of families
marked by often complex and ill-defined behaviors. Davenport analyzed and grossly
oversimplified the collected data.?®> One commentator described his methods and
approaches as “faulty compendiums of pedigree analyses and case studies based almost
exclusively on subjective impressionistic data.”?%?
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www.geneletter.org, visited January 29, 1998.
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The Eugenics Record Office also lobbied to promote restrictive immigration
legislation. Testifying in a congressional hearing to support what would become the
Immigration Restriction Act of 1924, Davenport’s chief assistant, Harry H. Laughlin, stated
that “recent immigrants (e.g., Russian and Polish Jews, Italians and Central Europeans), as a
whole, present a higher percentage of inborn socially inadequate qualities (e.g., insanity,
feeblemindedness, dependency, criminal behavior, deformities, tuberculosis, etc.) than do the
older stocks (e.g., Nordics, Anglo Saxons, etc.).”?** The immigration act implemented strict
quotas aimed at preserving the status quo; the law remained in place until 1968.2%

The eugenics movement also promoted passage of state laws that restricted or
invalidated marriages or legalized involuntary sterilization.?® Many states passed
antimiscegenation laws prohibiting marriage between Caucasians and persons with as
little as 1/16 non-Caucasian ancestry.?’ By 1914, about thirty states had enacted
marriage laws declaring voidable the marriage of “idiots,” the “insane,” ‘“habitual
drunkards,” and persons having a “transmissible disease.”?*8

A similar number of states passed involuntary sterilization laws targeted at the
mentally ill, the “feebleminded,” and habitual or confirmed criminals.?®® Between 1907
and 1960, at least 60,000 such sterilizations were performed in the United States.?4
Although both males and females were subject to involuntary sterilization, most were
performed on young women for whom the evidence of mental retardation was
questionable or nonexistent.?*  One infamous case, involving the sterilization of
seventeen-year-old Carrie Buck, culminated in the United States Supreme Court’s 1927
Buck v. Bell decision,?*? in which Justice Oliver Wendell Holmes, upholding Virginia’s
sterilization statute, declared that “three generations of imbeciles are enough.”?*® In this
case, the Eugenics Record Office weighed in with its opinion that Buck, a domestic
servant committed to a Virginia institution following the birth of an illegitimate child,
displayed hereditary “feeblemindedness.”’?**
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The eugenics movement subsided in the United States after 1935 because of
increasing challenges by secular and religious commentators, including many prominent
scientists,®* as well as reactions against the extreme racial policies adopted by Nazi
Germany.?*® In 1935, geneticist and future Nobel laureate Herman J. Muller commented
that eugenics had become “hopelessly perverted” into a pseudoscientific facade for
“advocates of race and class prejudice, defenders of vested interests of church and state,
Fascists, Hitlerites, and reactionaries generally.”?*’ The same year, a blue ribbon
committee of scientists established to review Eugenics Record Office activities concluded
that the office’s records were “unsatisfactory for the study of human genetics.” The
office was shut in 1940.248

Eugenic Policies in Other Countries

From the early 1900s, the American eugenics movement was linked to a strong
social and academic eugenics movement in England, the home of Francis Galton.?*°
Unlike the United States, however, England never passed eugenic legislation.?®® Other
countries, including Canada and Sweden, influenced by American state sterilization
policies and by other factors, instituted eugenic sterilization programs.?®! The best known
and most extreme such policy was, of course, in Nazi Germany.?®? In 1934, Germany
passed its racial hygiene law, which in the first year of its implementation led to the
sterilization of about 80,000 persons without their consent.?® The law created a system
of “hereditary health courts” designed to hear and process petitions for sterilization. The
program aimed to eliminate society’s “useless eaters,” including the mentally retarded
and mentally ill; it also targeted individuals with, or at-risk for, certain hereditary
diseases, including Huntington disease.?®* The program was originally independent of the
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regime’s anti-Semitic policies, but, eventually, its sterilization and racist policies merged.
In 1939, the government expanded its euthanasia policies to include more general classes,
including all Jews.?>®

After World War 11, Japan passed a Eugenic Protection Law that allowed for
involuntary sterilization.?®®  The law targeted up to fourth degree relatives of persons
who had one of about a dozen specified, and presumed hereditary, conditions. There is
no clear evidence that the law was enforced, and it was substantively amended in 1996 to
remove all coercive overtones and the list of disorders.

The Nature-Nurture Debate

Some proponents of the mainstream eugenics movements in the United States and
England used slipshod scientific data to promote overly deterministic views about
inheritance of behavioral traits. Despite contrary views of many leading biologists, some
eugenicists considered “behavioral failings” such as criminality or feeblemindedness to
be highly heritable “unit characters,” equivalent to the single-gene traits of Mendel’s pea
plants.?’

One example of how slipshod interpretations of science, combined with media
attention, promoted a gross overemphasis on the hereditary component of behavior is the
century-long nature-nurture discourse on criminal behavior. In 1911, Italian
criminologist Cesare Lombroso published research based on autopsies of criminals that
claimed that the “criminal type” was associated with certain inherited physical
characteristics.?® The theory claimed that males possessing particular physical traits,
including a low slanting forehead and a large jaw, were more likely to display criminal
behavior. Others took up the theme. For example, in 1939, a Harvard anthropologist
stated, “It is from the physically inferior element of the population that native born
criminals of native parents are mainly derived.”?*

Throughout the 1950s and into the 1960s, sociological theories prevailed over
biological ones, acknowledging the importance of social and other environmental factors
in criminal behavior.2®® However, in 1965, a genetic testing study performed on inmates
of a Scottish prison led to a revival of notions of genetic determinism. A researcher
reported that the prison population had an unusually high frequency of males with an
extra Y chromosome and that possession of two Y chromosomes was associated with a
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personality disorder that included “unusually aggressive behavior.”?®* Through the next
decade, others researchers and the media espoused the theory of the “criminal
chromosome.”?%? Later analyses identified study biases and led to dismissal of the
“criminal chromosome” theory.?%

Genetics in the Twenty-First Century

Human Behavioral Genetics
Role of Genes in Behavior and Cognition

Scientific evidence shows that genes may influence complex behavioral and
cognitive (intelligence) traits and mental illnesses.?* Similar to most medical traits and
disorders, however, behavioral and cognitive traits and disorders generally are determined
by complex interactions of multiple genes and environmental factors, including prenatal,
postnatal, biochemical, and social factors.?® Even for the most well-defined mental
illnesses that show familial inheritance patterns, such as bipolar disorder (also called
manic depressive illness) and schizophrenia, the genetics of inheritance appears to be far
more complex than the genetics of single-gene disorders such as Tay-Sachs disease and
Huntington disease.?®® While individuals with a parent with schizophrenia are at greater
risk to develop schizophrenia than the general population,?” environmental factors also
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influence development.?®® Also, for these familial disorders, the particular gene variants
involved are likely to vary among different families.?%°

For general behavioral traits or dispositions, the complexity is even greater.
Behavioral traits, such as aggressiveness and sociability, and cognitive traits, such as
memory and reading ability, occur over a continuous scale. Genetically, any single gene’s
influence generally will be minor. For a given trait, many genes contribute
probabilistically to account for individual differences along a continuous scale of normal
variation.?’® The impact of environmental factors (e.g., the degree of mental stimulation
received by an infant or preschool child) adds an additional level of complexity.

In addition to this intrinsic complexity, assessment criteria also vary and may be
subjective because of the continuous scale of trait variations. In fact, many traits or
behaviors, including criminal behavior, intelligence, sexual orientation, and alcoholism,
are socially influenced constructs.?’* For example, one commentator points out that
western Judeo-Christian views about human sexuality and sexual orientation differ from
those of other cultures and affect concepts about “normal” behaviors.2’> For some traits,
such as aggressiveness, concepts of normal and abnormal behaviors differ not only
among cultures but also for a given culture, for different situations and environments.?”
Research to determine genetic components of some behaviors, such as addictive or
violent behaviors, also sparks controversy because of the potential misuse of such work to
justify discriminatory social policies.?’*

Despite these complexities, behavioral scientists have attempted to define genetic
influences on behavioral and cognitive traits. For many decades, researchers have used
family studies to try to distinguish genetic from environmental influences on behavior and
intelligence traits. These studies include twin studies — for example, comparing
identical twins who are raised together to those separated soon after birth and raised in
different families.?”> In recent years, family study approaches have been coupled with
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new analytical techniques.?’® While promising, some have criticized these methods,?”’
which are subject to limitations and cannot by themselves identify genes for further study.
Newer molecular genetic technologies, however, may allow identification of specific
gene variants that influence behaviors and cognitive abilities and contribute to mental
disorders.

Molecular Genetics Research
Gene-Mapping Studies

Molecular approaches include gene-mapping studies, which attempt to link
chromosomal regions, and eventually specific gene variants, to specific traits or
disorders.2’® This approach has successfully identified over 100 genes associated with
single-gene disorders, such as cystic fibrosis, or highly penetrant disorders. Gene-
mapping studies have identified three genes that, in certain mutant variants, are linked to
a 100 percent chance of developing early-onset Alzheimer disease,?”® but attempts to
identify less penetrant gene variants linked to psychiatric disorders have not been as
successful.  Although data continue to support a significant genetic susceptibility
component to psychiatric disorders such as bipolar disorder and schizophrenia,?® some
early claims for familial genetic susceptibility markers for these disorders were retracted
because they did not hold up with further study.?!

Media attention to these earlier unsubstantiated reports, along with the potential
for stigmatization based on research claims, prompted some commentators to propose
slowing the pace of research and developing more stringent criteria for conducting
behavioral genetics research and releasing research results to the press.?®? The American
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Society of Human Genetics and others acknowledge these concerns but also emphasize
the immense potential of behavioral genetics to identify both genetic and environmental
influences on behavior and mental health.?83

Animal Model Studies

Once human gene-mapping studies provide evidence that a particular gene may
influence a behavioral trait, researchers can create new strains of genetically modified
“transgenic” animals in attempts to study the role of specific genetic variations for
particular behaviors.?®* Scientists have created strains of transgenic mice in which a
specifically targeted gene, the mouse homologue of its human counterpart, is modified,
added, or deleted. Transgenic mouse models have shown that modification or deletion
(“knockout”) of a particular gene may affect behaviors such as aggressiveness,
exploratory activity, and anxiety-related behavior.?®®> Some researchers have discovered,
however, that mouse behavioral studies (for example, measuring exploratory activity in a
mazelike structure) using the same transgenic mouse strains in different laboratories,
under seemingly identical conditions, may yield different results.?®® These findings
emphasize the potential importance of even relatively minor environmental factors on
behaviors, the importance of standardizing laboratory studies, and the need for cautious
interpretation of studies.?®” Other commentators point to the difficulty of measuring
higher cognitive traits in animal models.?3

Outlook for Behavioral Genetics

By highlighting the complex influence of genetic and environmental factors on
behaviors, molecular genetics research has recast the nature-nurture debate from a
competitive to an interactive model. While genetics research may provide important
information about genetic contributions to behavior, it also points to the multiplicity of genes
and environmental factors that contribute to complex traits.?®® One commentator states that
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to ask whether nature or nurture is more important is “fallacious and misleading”;?®° another

refers to the debate as an “exploded myth.”?%

Still, many predict that genetic components of human behavior and cognition will be
defined and may become subject to genetic testing, with attendant social and ethical
implications of such testing. One commentator, discussing general cognitive ability, states
that the many genes (and their variants) that contribute to particular cognitive traits such as
memory and reading ability will be identified and that this may lead to development of a
“DNA chip” for use “in education to consider how far children are fulfilling their genetic
potential or to prescribe different training programmes.”?%?

Genetic Essentialism: The Gene as Cultural Icon

Complexity is not easily embraced by popular culture. Simplistic and misleading
references to genes and to DNA abound, as reflected in entertainment, advertising, social
discourse, and news stories. In their 1995 book entitled The DNA Mystique: The Gene as
Cultural Icon, authors Dorothy Nelkin and M. Susan Lindee cite a long list of
examples.?® In the popular press and on television, individual personalities, behaviors,
and criminal tendencies are discussed in terms of “empathy genes,” “selfish genes,”
“frugality genes,” “gay genes,” and “violence genes.”?** Product advertisements tout the
superior “DNA” of inanimate commodities such as magazines and cars.?® The authors
opine that the biological gene has taken on a cultural meaning as a powerful social
symbol, a “secular equivalent of the human soul.”?®® Another commentator states that
genes have become the “metaphorical locus of our fate”?®’ and notes that the Human
Genome Project may be perceived as the new “key” to decoding the “hidden truths of
existence,” an idea with which Western culture has shown a “long flirtation.”?%

Scientists themselves, inadvertently or otherwise, also may promote overly
deterministic perceptions, referring to the human genome as a “Delphic oracle,” “medical
crystal ball,” or “Book of Man.”?® This blending of scientific and social discourse, as
occurred earlier in the century, led in the 1990s to what Nelkin and Lindee coined “genetic
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essentialism,” the equating of individuals with their genes.?®® Others have used the terms
“genomania”®! and “geneticization”®% in reference to the current trend of popular thought
concerning genetic determinism. One commentator suggests that today’s greater ‘“scientific
certainty” and the highly technical terminology of molecular genetics stir considerable fear
among the general public, possibly of a greater magnitude than previously.®® This fear of
DNA and genes rests on the notion that geneticists have discovered the “ultimate building
blocks that make us what we are.”%%

In the United States, some express concern that the legal and judicial systems also are
embedded in an overly determinist view of humanity. One commentator expresses concern
that while the Supreme Court has generally declared as legally suspect laws that discriminate
on the basis of “immutable” characteristics, such as race or sex,*® it has been less concerned
with environmental circumstances over which an individual may have little or no control,
“such as a history of abuse, poor education, or economic impoverishment.”® Another
commentator points to manifestation of this determinist view in child custody cases, where
courts may generally privilege biological over nonbiological parenting relationships, even at
the expense of the “best interests of the child.”*"’

Public Perceptions and Misperceptions about Medical Genetic Testing

Genetic essentialism, coupled with a generally poor public grasp of genetics,
probability, and risk analysis, % can lead to misperceptions about the value of genetic
testing and the meaning of medical genetic test results. Some health care professionals
express concern that the rapid spread of information about genetic testing without
adequate education may be inappropriately raising patients’ expectations.>>® One area in
which marketing and media stories may have led some individuals to misperceive their
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genetic risk is that of genetic susceptibility to breast cancer and BRCA gene testing.31
For example, one study showed that among a group of 200 women with breast/and or
ovarian cancer, 60 percent overestimated their chance of having a BRCA gene
mutation.3!! In other studies, many women who had relatives affected by breast cancer
overestimated their personal risk for developing breast cancer or having a BRCA gene
mutation.31? Others have expressed concerns that patients sometimes respond
inappropriately to news stories by seeking radical treatments such as prophylactic
mastectomy.33

Some concerns are rooted in the public’s weak grasp of scientific concepts
generally.3* Several studies point to a weakness in understanding risk and probability,
which is critical for understanding the role of susceptibility gene variants for late-onset
disorders and for some types of prenatal and carrier testing. In one study, researchers
presented women with a clinical scenario and asked them to choose which of a pair of
probability estimates represented a higher risk.3'®> The probabilities were presented either
as a pair of rates per 1,000 (2.6/1,000 versus 8.9/1,000) or as a proportional ratio in which
the numerator was one and the denominator was varied (1/112 versus 1/384). Over one-
quarter of women surveyed incorrectly judged which of the numbers in either pair posed a
higher risk.3¢

For many persons, it is a challenge to reconcile an average derived from
populations and its meaning for them individually.®!” Some have a binary, simplistic
view of risk.38 This overly simplistic understanding may give rise to a false sense that
genetic test results always provide absolute predictability. Even physicians may
experience difficulty in correctly interpreting predictive genetic test results. For example,
in one study a researcher asked a group of medical students, interns, and practicing
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physicians to calculate the positive predictive value of a hypothetical genetic test.31°
While 86 percent of medical students could correctly identify, from a set of multiple
choice answers, the chance that an individual who tested positive actually would get a
given disease, only 48 percent of practicing physicians answered correctly.32°

Other factors also influence how individuals perceive risk estimations.
Perceptions about health risks are multidimensional, encompassing not only the
probability but also the seriousness of the harm, the availability of preventive measures,
and the ease or difficulty of employing such measures.®* While misperception of risk is
relevant for all medical risk assessment, one commentator opines that genetic
essentialism may compound this problem for genetic testing.3?2

Another important factor is a person’s tolerance, or intolerance, for uncertainty.
In a survey of women undergoing prenatal genetic testing, the willingness of women to
abort an affected fetus increased dramatically as the certainty of the diagnosis reached
100 percent, even when the prognosis was highly variable.>>® Another study showed that
decisions to undergo prenatal carrier testing for cystic fibrosis were strongly influenced
by the patient’s tolerance for uncertainty and that this level of tolerance was unrelated to
either educational background or attitudes about prenatal testing and abortion.®?* For
adult-onset genetic cancer susceptibility testing, one study showed that women with low
tolerance for uncertainty who were considering testing for a susceptibility mutation made
different testing decisions depending on whether the informed consent document stated
that some cancer risk remained for those testing negative.3?®

Eugenic Concerns

Coercive Policies and Laws

There is little evidence of systematic, coercive eugenic practice in the world today.
Eugenic laws exist in three countries — Singapore, Taiwan, and China — but they lack
penalties and there is no evidence of their enforcement.®?® China’s 1994 law, however, has
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320 N. A. Holtzman, “Bringing Genetic Tests into the Clinic,” Hospital Practice, January 19, 1999, 107,
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received international attention.®?” Some interpret as coercive a provision of the law to

require sterilization or long-term contraception and/or prenatal diagnoses for couples
determined to be at hereditary risk for bearing an affected child. Chinese officials argue that
this interpretation is due to flawed translation.®”® Concerns about the law, however,
prompted participants at the 1998 International Congress of Genetics, convened in Beijing,
China, to issue a statement that affirms the centrality of informed individual choice and
genetic counseling in prenatal genetic testing decisions.3%°

In the United States, even though the Supreme Court declared antimiscegenation
laws unconstitutional in 1967, two states retained laws forbidding interracial marriages in
their constitutions until 1998.33! Some states also retain compulsory sterilization laws,3*?
although these laws are subject to constitutional constraints.®* In the 1960s and 1970s,
however, many states, in part attempting to redress past eugenic policies, repealed eugenic
sterilization laws and, in some cases, enacted legislative barriers to sterilization of mentally
impaired®* persons.®* Some states banned all sterilization of incompetent persons,® and in
several other states, courts effectively banned sterilization by refusing to allow such
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procedures in the absence of statutory authority.®*” In some cases, laws forbidding

sterilization have precluded sterilization even when it is arguably in the best interests of a
severely mentally impaired girl or woman.3%®

Other states, by statute or judicial decisions, sanction the state’s parens patriae
power to authorize sterilization of a mentally impaired person, generally under strict
requirements that create a strong presumption against sterilization and seek to assure the best
interests of the impaired person.®*® For example, in 1981, the New Jersey Supreme Court
established conditions under which a court may authorize the sterilization of a severely
mentally impaired woman.3*® A 1988 committee opinion issued by the American College of
Obstetricians and Gynecologists also allows for sterilization of mentally impaired women
under some circumstances.®*! The statement declares that nonvoluntary sterilization is
generally not ethically acceptable but that in unusual situations, “sterilization may be
considered a reasonable part of the overall health care of a person who is mentally
incapacitated or incompetent.” Key factors are: (1) protecting the best interests of the
woman, (2) identification of appropriate decision-makers, (3) consideration of alternatives to
sterilization,®*? and (4) understanding of applicable laws.>*3

Noncoercive Policies

Even in the absence of coercive laws, voluntary governmental programs and
policies may promote or discourage certain types of births.3** In such cases, the
rationales used are the same as those for more overt eugenic policies: improved public
health and “fairer” distribution of limited public resources. One example is a 1972-1983
government-sponsored carrier screening program for beta-thalassemia in Cyprus. In this
program, educators counseled prospective parents to follow a prenatal diagnosis by
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selective abortion.3*® Cost-effectiveness studies that justify a reduction in the births of
infants affected by particular disorders, especially when embraced by government, also
may exert eugenic pressures.®*® For example, in the early 1990s, supporters of a
Colorado school-sponsored genetic screening program to detect children with the genetic
disorder Fragile X, which may be associated with mental retardation, suggested that the
screen, coupled with reproductive counseling, could reduce the state’s disease-associated
“economic burden.”3#

Even in the absence of a direct state role, some claim that more subtle cultural,
social, legal, and economic pressures may promote a passive or indirect form of eugenics.
For example, some courts have suggested that legal recognition of wrongful birth or
wrongful life lawsuits, in which parents claim they would not have initiated or continued
a pregnancy if their physician had offered, performed, and correctly interpreted a
reproductive test to detect a congenital disorder, may send a eugenic message.>*® One
commentator argues that limited access to health care of some social and economic
classes leads to a form of “passive eugenics” within the United States.®*® Another uses
the term “backdoor eugenics” to describe potential harms posed to individuals or groups
by the cumulative effects of private decisions of many societal sectors, including insurers
and employers.3*°

Another source of concern is the expanding range of reproductive tests and
procedures that, unlike the original model for reproductive testing, allows testing for less
serious disorders. The new tests and procedures, including pre-implantation genetic
diagnosis of embryos®! and “sorting” of sperm for sex selection,®? allow prospective
parents to test not only for single-gene disorders but also for health risk factors
(susceptibility mutations)®® and traits, including sex. Some commentators also point to a
future genetic engineering-based form of positive eugenics, or genetic “enhancement” of
embryos by insertion of genes to improve particular characteristics or disease resistance
into the embryo’s genome.>**
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Other commentators express concerns about government proposals that seek to
restrict reproduction generally for certain classes of people, for example, women
receiving public assistance.® Several states have proposed and/or passed legislation that
would provide financial rewards to women who accept surgical implantation of Norplant,
a long-term contraceptive device.®*® While supporters of these programs do not argue, as
earlier eugenic advocates did, that social status is genetically determined, commentators
claim that the programs’ aims are eugenic.®*’ These commentators note that the Norplant
bonus policy aims to deny procreative rights to a class of people whom the media and
others falsely portray as responsible for social ills based on stereotypes grounded in
racism, classism, and sexism. Others have expressed concerns about overly directive
offering of prenatal screening tests,*® the influence of cultural agendas and notions of
normality and disability on testing decisions,®° and the inappropriateness of offering
prenatal testing to women who lack the full range of information and options for acting
on test results.3%°

Misuse of Genetic Information to Target Races and Social Classes

Another concern is that genetic information will be misused outside of direct
reproductive decisions, intentionally or unintentionally, to discriminate against racial,
ethnic, and social classes. A major concern is that genetic information that may be
reliable on an individual basis may be inappropriately extended to describe groups.®!
This concern is stirred by the potential for misuse of expanding genetics research in
behavior and cognition.*®?> One commentator referred to modern behavioral genetics as
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“the same old stuff in new clothes. . . . It’s another way for a violent, racist society to say
people’s problems are their own fault, because they carry ‘bad’ genes.”3%

For example, while evidence supports a complex hereditary influence on an
individual’s intelligence traits, critically tempered by social and other environmental
factors, some may generalize and overextend genetic information to claim reduced
heritable intelligence not only of individuals, but also of social classes and/or races. One
commentator cites as an example the much-publicized 1994 book The Bell Curve 3%
The book’s authors claim that intelligence levels, as measured by IQ testing, are highly
heritable and linked to social class; they also warn of a potential drop in the national 1Q if
current class-based reproductive traits continue. While the book met considerable
criticism, some also warn against overly “politically correct” views that fail to
acknowledge that there are hereditary influences on intelligence and behavioral traits —
as part of a complex and interactive process with cultural and other environmental
factors.3%°

Is Genetic Testing Different from Other Medical Testing?

Within the medical and policy communities, there is a debate about whether
genetic testing and information are sufficiently different from other types of health-related
testing and information to warrant special considerations or protections. One participant
in this debate, the 1993 National Institutes of Health-U.S. Department of Energy Working
Group on Ethical, Legal, and Social Implications of Human Genome Research Task
Force on Genetic Information and Insurance, referred to the claim that medical genetics is
sufficiently different to warrant special protections as “genetic exceptionalism.”3®
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Definitions of Genetic Testing and Information

To address the claim of genetic exceptionalism, it is necessary first to establish
definitions of genetic testing and information. Here, too, there is disagreement.®®” For
example, a statement by joint organizations of pathologists uses a broad, clinically based
definition of genetic testing as tests that “provide information used for diagnosing an
inherited disorder.”®®® Another group restricts the definition of genetic testing to tests
performed on DNA.36°

A broader, and yet more precise, scientifically based definition would define
genetic testing as testing of an individual’s inherited genes, gene products, or
chromosomes to distinguish among heritable and specific variants of a designated gene or
chromosome.®”® For example, a DNA-based test for sickle cell disease can distinguish
precisely between two variants of the beta globin gene: the normal population variant and
the disease-associated variant that differs by a single DNA base.®’t A test of an
individual’s beta globin protein (a “gene product”) also distinguishes between the defined
gene variants and therefore would also be considered a genetic test. However, whereas a
DNA-based test to distinguish a particular gene variant associated with inherited familial
hypercholesteremia would be considered a genetic test, under this definition, a simple
serum cholesterol test would not be. A person’s serum cholesterol measure changes over
time and is affected by complex and interactive genetic and environmental factors,
including diet and weight. It provides no definitive information about a particular
inherited gene variant.

Genetic information can be defined as specific information about a person’s
inherited genetic variations. Genetic information generally is learned by genetic testing,
although it might be learned by other means. For example, parents of a child with cystic
fibrosis know they carry a mutation in the gene associated with the disease.

How Are Genetic Testing and Information Different?

Genetic testing and information differ from other health-related testing and
information, in kind or in degree, by a number of different, sometimes overlapping
qualities, outlined below. Some qualities apply only to DNA-based testing, which is the
most frequently used testing technology.3"2
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Predictive Power of Genetic Information

Many medical tests, including serum cholesterol and blood pressure measures, can
predict future health risks. However, genetic testing has more far-reaching predictive
powers. It can indicate an individual’s risk probabilities for late-onset disorders many
decades before the presence of clinical signs or symptoms; reproductive genetic testing
can predict the same risks for an embryo, a fetus, or an individual’s future offspring. A
recent task force decided that testing healthy people to predict future illness is “the most
unique and troublesome aspect of genetic testing.”*"3

Stability of DNA

The stability of DNA is a fundamental difference between DNA-based genetic
testing and other medical testing. Information determined by genetic testing of inherited
gene variants of a newborn infant will not change over that infant’s lifetime, while
medical signs and symptoms detected by other medical tests may. Samples may be stored
indefinitely, enabling testing of long-deceased individuals.

Limited Sample Requirement

Another unique aspect of DNA-based genetic testing is that it can be performed
with tiny samples, as little as a single cell. This allows predictive testing of pre-
implantation embryos and forensic testing with microscopic tissue samples.®”*  For
example, following the terrorist bombing of the World Trade Center in New York City,
the Federal Bureau of Investigation was able to identify a suspect by testing DNA from
the back of a stamp (from cells shed into saliva) on a letter that claimed credit for the
bombing.3™

Precision of Genetic Information
Genetic testing, by detection of specific gene variants, has a very high capacity for

precision. In some cases, for example DNA-based cystic fibrosis testing, detection of
particular gene mutations may enable prediction not only of the disorder, but also of the

373 National Institutes of Health-U.S. Department of Energy Joint Working Group on the Ethical, Legal, and
Social Implications of the Human Genome Project Task Force on Genetic Testing, Promoting Safe and
Effective Genetic Testing, ed. N. A. Holtzman and M. S. Watson (Bethesda: National Institutes of Health,
1997); see also N. A. Holtzman, “Panel Comment: The Attempt to Pass the Genetic Privacy Act in
Maryland,” Journal of Law, Medicine, and Ethics 23 (1995): 367, 369.

374 For discussion of genetic testing of pre-implantation embryos, see Chapter 3, page 53. For discussion of
forensic DNA-based testing, see Chapter 2, page 31.

375 T. H. Murray, “Genetic Exceptionalism and Future Diaries: Is Genetic Information Different from Other
Medical Information?” in Genetic Secrets: Protecting Privacy and Confidentiality in a Genetic Era, ed. M.
A. Rothstein (New Haven, CT: Yale University Press, 1997), 60.



type and severity of the disorder.3”® For more complex disorders, testing for inherited
susceptibility variants can provide precise information about innate risk, although it
cannot predict that a person will develop a disorder. The level of precision of genetic
tests is greater than that of most other medical tests.

Personal Nature of Genetic Information

Genetic testing of health-related or other DNA “markers” that vary among the
population can theoretically produce a “unique identifier” profile for any person.3’’ This
is the basis for DNA-based forensic testing, which can identify a single individual from
millions of others.3’® Some view this difference of genetic information as qualitatively
different from other health data.”®* One commentator, however, claims that some
nongenetic data in a medical record, such as gross obesity and loss of limbs, also may
serve to identify an individual.®® He also suggests that the “considerable work and
expense” needed to compile an identifying genetic profile would act as a deterrent to the
use of genetic information in this manner,3! but evolving technologies may eventually
render this claim obsolete.*®?

Familial Nature of Genetic Information

Genetic information, while personal, also is inherently familial. Identical twins
share 100 percent of their genes, other siblings (and a parent and a child) share 50
percent, and more distant relatives share a lower but calculable percentage of genes.
Genetic testing, including blood group antigen testing and tissue typing to match donors
and recipients for tissue transplantation, also may reveal nongenetic relationships within
families, such as nonpaternity.

While other medical information also may help identify shared family risks, for
example, information about infectious disease, the level of precision of genetic testing
places genetic information at a significantly different level. One example of the power of
genetic testing to disclose family relationships: Genetic testing of living descendants of
Thomas Jefferson and descendents of one of his slaves, Sally Hemings, established
Jefferson, or one of his nephews, as the father of at least one of Hemings’ sons 200 years
earlier.3%

History of Misuse and Misunderstanding of Genetics
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Some think that past misuse of genetic information to stigmatize and victimize
people is another factor that sets genetic information apart from other medical
information.®® One commentator states that claims for genetic exceptionalism
are partly due to a cultural overemphasis on the power of genetic information.38°
Another group counters that public misperceptions about the power of genes may
be a reason to treat genetic information differently from other medical
information.38®

Inadequate Provider Education

Many commentators claim that the new era of genomic medicine poses a unique
challenge to the practice of medicine because of the insufficient genetics education of
most primary care providers.®®” For example, Dr. Francis Collins, Director of the
National Institute of Human Genome Research, predicts that genetic medicine will need
to be practiced in part by primary care providers, even though numerous surveys show
that most of them “have not had a single hour of instruction in genetics as part of their
formal training.”3®8

Policy Implications

Commentators disagree on whether public policy should treat genetic tests
as fundamentally different from other types of medical tests. The Task Force on
Genetic Information and Insurance, for example, concluded that, because it is
impossible to categorize all diseases and risk factors as either “genetic” or
“nongenetic,” a policy of genetic exceptionalism would be unworkable in
practice.®® Others maintain that the risks associated with genetic testing are in a
“qualitatively different realm” than associated with other tests®® or argue that,
even if genetics is not unique, it may be distinctly different from other areas of

34 A, R. Jonsen et al., “The Advent of the ‘Unpatients,”” Nature Medicine 2 (1996): 622; R. M. Green and
A. M. Thomas, “DNA: Five Distinguishing Features for Policy Analysis,” Harvard Journal of Law and
Technology 11 (1998): 571, 584; G. J. Annas, ‘“Privacy Rules for DNA Databanks: Protecting Coded
‘Future Diaries,”” Journal of the American Medical Association 270 (1993): 2346.

385 Murray, “Genetic Exceptionalism,” 70.

36 G. Geller et al., “Consensus Statement — Genetic Testing for Susceptibility to Adult-Onset Cancer,”
Journal of the American Medical Association (1997): 1467.

37 F. S. Collins, “Shattuck Lecture — Medical and Societal Consequences of the Human Genome Project,”
New England Journal of Medicine 341 (1999): 28, 35; Geller et al., “Genetic Testing for Susceptibility to
Adult-Onset Cancer,” 1468. See also Chapter 12, page 362.

388 Collins, “Medical and Societal Consequences of the Human Genome Project,” 35.

389 Murray, “Genetic Exceptionalism,” 67.

3% Green and Thomas, “DNA: Five Distinguishing Features,” 576.



medicine.3®! For example, The Cancer Genetics Studies Consortium (CGSC)
Task Force on Informed Consent found that genetic information about
susceptibility to adult-onset cancer is more complex than other types of medical
information because it simultaneously affects an entire family, is laden with
symbolic meaning, and presents unique challenges to insufficiently educated
medical personnel.>*?

One possible approach to this problem is to consider whether genetic testing is
different from other medical testing on an issue-by-issue basis, rather than debating
whether genetics is inherently unique. For example, the CGSC Task Force on Informed
Consent decided that for informed consent for predictive cancer susceptibility gene
testing, genetic information differs sufficiently from other medical information in several
key qualities and, based on those differences, requires special considerations.3% Others
have considered, and disagreed about, whether genetic information warrants special
confidentiality concerns.®®** Additional policy and practice areas for which this question
may be addressed include insurance coverage, employment issues, predictive genetic
testing of children, and genetic research use of tissue samples.3%

391 Ibid., 576; Annas, Glantz, and Roche, “Drafting the Genetic Privacy Act,” 365; Geller et al., “Genetic
Testing for Susceptibility to Adult-Onset Cancer,” 1468; Jonsen et al., “The Advent of the ‘Unpatients,””
622.

392 Geller et al., “Genetic Testing for Susceptibility to Adult-Onset Cancer,” 1468.

3% |bid. For a discussion of informed consent for predictive genetic testing, see Chapter 7.

3% For a discussion of genetic exceptionalism and confidentiality, see Chapter 9, page 243.

3% For a discussion of insurance and employment, see Chapter 10; for a discussion of genetic testing of
children, see Chapter 8; for a discussion of genetic research use of tissue samples, see Chapter 7, page 194.



Genetic Screening for Adult Health and Reproductive Risks

Genetic screening differs from genetic testing in that it targets populations, not
individuals who are perceived to be at higher than normal risk based on family and/or
personal medical history.! It may be targeted to an entire population or to specific
subpopulations, based on known risks for particular groups. Genetic screening includes
reproductive screening tests? and screening tests that provide the opportunity to prevent
or minimize disease in apparently healthy newborns, children, and adults.®> Screening
may be offered in the context of an individual’s normal clinical care, for example, during
a routine visit to a general practitioner, or it may be organized through a government or
community-sponsored program. In some cases, screening tests are designed as initial, and
less specific, tests to detect all positive cases in a population (including some who are
“false positives”) for the purpose of more definitive follow-up testing.*

Screening is performed for the following reasons: (1) detection of future disease
risk in a person to enable preventive measures; (2) prevention of, or preparation for, the
birth of an infant with a serious genetic disorder (reproductive screening); (3) medical or
public health research, for example, to determine the incidence of a genetic condition or
susceptibility in population groups; (4) identification purposes (forensic screening);® and
(5) determination of susceptibility to workplace toxic environmental exposures
(workplace screening).® Many believe that the deciphering of the human genome and the
development of new testing technologies, including DNA chips,” will permit genetic
screening to predict an expanding menu of reproductive and health risks.®2 This chapter

! Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks: Implications for
Health and Social Policy, ed. L. B. Andrews et al. (Washington, D.C.: National Academy Press, 1994), 4,
65.

2 See Chapter 3, page 49; see also page 109, this chapter.

3 See Chapter 3, page 60; see also page 123, this chapter.

4 See President’s Commission for the Study of Ethical Problems in Medicine and Biomedical and
Behavioral Research, Screening and Counseling for Genetic Conditions (Washington, D.C.: U.S.
Government Printing Office, 1983), 2.

5 See Chapter 3, page 75.

6 See Chapter 2, page 30; see also N. A. Holtzman, “Medical and Ethical Issues in Genetic Screening — An
Academic View,” Environmental Health Perspectives 104 (1996): 987.

7 See Chapter 2, page 45.

8 F. S. Collins, “Shattuck Lecture — Medical and Societal Consequences of the Human Genome Project,”
New England Journal of Medicine 341 (1999): 28; W. Henn, “Genetic Screening with the DNA Chip: a



focuses on reproductive screening, screening of healthy adults to detect carrier status and
to determine risks for late-onset disorders, and the packaging of screening tests into
“multiplex” panels.®

Genetic Screening: Issues and Concerns

Special Concerns about Screening

Screening programs test large numbers of individuals for the benefit of a
minority.l® The targeting of predictive testing to a population, as opposed to an
individual, may shift the balance of benefits and risks for those who are tested.** Persons
who seek testing because of family and/or personal history generally perceive themselves
to be at high risk and are more likely to be prepared to receive unfavorable results. Those
who do not perceive themselves to be at risk generally do not expect unfavorable results
and may experience more distress when given such results.*> One common motivation
for predictive testing, reduction of uncertainty,'® is irrelevant for individuals who do not
perceive themselves to be at risk. Another concern about genetic screening is that,
although it need not be mandatory, the routine offering of screening tests may pressure
individuals to undergo testing to which they would not have consented in a different
context.’* Also, genetic screening tests that target particular groups of people, generally
on the basis of racial, ethnic, or geographic origin, may contribute to discrimination
and/or stigmatization of members of those groups.’®

Use of predictive genetic tests to screen healthy populations also raises questions
about the required level of a test’s predictive value — the chance that someone testing
positive will get a disease and that someone testing negative will not get a disease. Even
highly specific tests generate higher rates of false positive results when prevalence of the
genetic variant tested for in the target population is low (as is the case for screening)
versus high (as in clinically indicated testing of at-risk individuals).'®

New Pandora’s Box?” Journal of Medical Ethics 25 (1999): 200; K. C. Smith, “Equivocal Notions of
Accuracy and Genetic Screening of the General Population,” Mount Sinai Journal of Medicine 65 (1998):
178; A. L. Beaudet, “Presidential Address: Making Genomic Medicine a Reality,” American Journal of
Human Genetics 64 (1999): 1; C. Sander, “Genomic Medicine and the Future of Health Care,” Science 287
(2000): 1977.

® Screening of newborns is discussed in Chapter 6.

10 See H. M. Malm, “Medical Screening and the Value of Early Detection,” Hastings Center Report 29, no.
1 (1999): 26; S. Stewart-Brown and A. Farmer, “Screening Can Seriously Damage Your Health,” British
Medical Journal 314 (1997): 533.

1 For a discussion of benefits and risks of reproductive genetic testing, see Chapter 3, page 56. For a
discussion of benefits and risks of predictive late-onset testing, see Chapter 3, page 68.

12 T. M. Marteau and R. T. Croyle, “The New Genetics: Psychological Responses to Genetic Testing,”
British Medical Journal 316 (1998): 693.

13 See Chapter 3, page 56.

14 See Chapter 3, page 68.

15 See page 115, this chapter. See also Chapter 3, page 72; Chapter 4, page 95.
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In the future, most predictive genetic tests likely will be DNA-based tests. These
tests, compared to tests for gene products or metabolites (for example, testing for
phenylketonuria (PKU) and Tay-Sachs disease) — which require establishment of an
arbitrary baseline positive cutoff level — are subject to lower rates of analytical false
positive results.!” For DNA-based testing to detect risk for single-gene disorders such as
Tay-Sachs disease or cystic fibrosis, these types of laboratory-based false positive results
will be low. However, predictive genetic tests for susceptibility mutations such as breast
cancer susceptibility (BRCA) gene mutations,® which generally comprise only one of
multiple factors that contribute to development of a disease, present a new complication
— all those who test positive for a genetic susceptibility variant will not get the disease.*®

DNA-based testing also is subject to the generation of false negative results
caused by genetic heterogeneity — the test may not encompass all possible mutations
within a gene, and mutations in genes other than the one(s) being tested also might
increase disease risk.?

Criteria for Screening

Based on the special concerns of population-based screening, several groups have
considered basic principles and criteria to guide genetic screening.?l The National
Academy of Sciences Committee for the Study of the Inborn Errors of Metabolism (the
NAS Committee) considered issues in newborn and reproductive carrier screening and
issued a report in 1975.22 Since then, other groups have revisited the evolving issues

Clinic,” Hospital Practice (January 15, 1998): 107, 125; Holtzman, “Medical and Ethical Issues in Genetic
Screening — An Academic View,” 987; E. M. Prence, “A Practical Guide for the Validation of Genetic
Tests,” Genetic Testing 3 (1999): 201, 204; American Medical Association Council on Ethical and Judicial
Affairs, “Multiplex Genetic Testing,” Hastings Center Report 28, no. 4 (1998): 15, 16. The number of
false positives of a given test is influenced by the overall proportion of true positives and true negatives in a
population. For example, for a test with a 10 percent false positive rate, in a high-risk population of 1,000
persons in which 900 are true positives, there will be only 10 false positive results (10 percent of 100). For
a lower-risk population of 1,000 in which there are 50 true positives, the number of false positives will be
95 (10 percent of 950).

" Holtzman, “Medical and Ethical Issues in Genetic Screening — An Academic View,” 987. Screening
tests that measure levels of a protein or metabolite, e.g., newborn screening tests for metabolic disorders,
establish an arbitrary cutoff level, generally one that will detect all positives at the cost of including false
positives. See Chapter 2, page 44.

18 See Chapter 3, page 63.

19 For a discussion, see Chapter 3, page 64.

20 Holtzman, “Medical and Ethical Issues in Genetic Screening,” 987-988; Holtzman, “Bringing Genetic
Tests into the Clinic,” 109. For a discussion of genetic heterogeneity, see Chapter 1, page 14.

2l See N. Fost, “Ethical Implications of Screening Asymptomatic Individuals,” FASEB Journal 6 (1992):
2813.

22 National Academy of Sciences Committee for the Study of Inborn Errors of Metabolism, Genetic
Screening: Programs, Principles and Research (Washington, D.C.: National Academy of Sciences, 1975).
For a discussion of the report, see Institute of Medicine Committee on Assessing Genetic Risks, Assessing
Genetic Risks, 39-54.



surrounding genetic screening, including a presidential commission (the President’s
Commission) and the Institute of Medicine’s Committee for Assessing Genetic Risks (the
IOM Committee), which issued reports in 1983 and 1994, respectively.?® Professional
genetics organizations also have issued guidelines and statements of principle.?*

In 1983, the President’s Commission considered whether genetic screening is
different from other medical screening.?® They concluded that reproductive screening is
different in that the information being sought primarily affects future generations.?® They
also concluded that genetic screening to determine a person’s need for medical care is not
fundamentally different from other types of screening, except for the familial implications of
testing results. However, at the time of their report, genetic screening tests to determine risk
for late-onset disorders did not exist. Subsequent policy groups have acknowledged special
concerns about these tests.?’” For example, a recent national task force concluded that testing
healthy people to predict future illness is “the most unique and troublesome aspect of genetic
testing,”?8

General criteria for genetic screening tests based on the work of these groups are
presented in this section.

Value of the Screening Test

The value of screening for genetic risk for a particular disorder is a function of the
seriousness of the disorder, its prevalence in the population, and the availability of preventive
interventions.?® In some cases, for example, reproductive screening of population groups at
higher than average risk for having a child with Tay-Sachs disease — a neurodegenerative
disease that is uniformly fatal during early childhood — many agree that the value of
reproductive screening is high; in other cases, the value of screening may be less clear-cut.®
Some argue against the routine offering of reproductive screening tests that detect

23 President’s Commission, Screening and Counseling for Genetic Conditions. The commission focused on
genetic screening undertaken to permit medical intervention or to provide information, including newborn
screening, carrier screening, and prenatal diagnosis; Institute of Medicine Committee on Assessing Genetic
Risks, Assessing Genetic Risks.

2 American College of Medical Genetics, Principles of Screening: Report of the Subcommittee on
Screening of the American College of Medical Genetics Practice Committee, February 1997, American
College of Medical Genetics website: http://www.faseb.org/genetics/acmg/pol-26.htm, visited December
16, 1998.

% President’s Commission, Screening and Counseling for Genetic Conditions, 3.

% |bid.

27 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 105-106;
National Institutes of Health-U.S. Department of Energy Working Group on the Ethical, Legal, and Social
Implications of Human Genome Research Task Force on Genetic Testing, Promoting Safe and Effective
Genetic Testing, ed. N. A. Holtzman and M. S. Watson (Bethesda: National Institutes of Health, 1997); for
a discussion, see Chapter 3, page 62.

2 NIH-DOE Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing; see also N. A.
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Medicine, and Ethics 23 (1995): 367, 369.

2 M. R. Natowicz and J. S. Alper, “Genetic Screening: Triumphs, Problems, and Controversies,” Journal of
Public Health Policy 12 (1991): 475, 477.
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disorders of lower or more variable severity.3l For population screening to detect
individuals’ personal risks for late-onset diseases, the IOM Committee recommended that
population screening be voluntary and confined to “treatable or preventable conditions of
relatively high frequency.”%?

Purpose of Screening

The IOM Committee concluded that the primary benefit of screening should be to
the individual tested.®® The President’s Commission took the same view, stating that the
fundamental value of genetic screening is its ability to “enhance opportunities for
individuals to obtain information about their personal health to make autonomous and
noncoerced choices based on the information.”®* Others state that when a screening
program is established, the purpose of screening, for research or clinical benefit, should
be clear, and screening for clinical purposes should be tied to an available intervention.®
Interventions may include reproductive decision-making, lifestyle changes, and enhanced
medical surveillance.

Quiality of the Screening Test and Its Implementation

The NAS Committee stated that screening tests should be reliable and accurate,
highly sensitive (resulting in few false negative results), and “reasonably specific.”%
Others recommend that population screening tests be appropriately evaluated and offered
only when determined to be adequately reliable.*” The I0OM Committee called on
professional genetics groups to establish expert panels to review which genetic tests
should be offered as a standard of care and under what conditions.® Some state that
screening programs should not be undertaken in the absence of pilot studies.*

31 E. R. Hepburn, “Genetic Testing and Early Diagnosis and Intervention: Boon or Burden?” Journal of
Medical Ethics 22 (1996): 105, 109. See Chapter 3, page 59; see also page 130, this chapter.

32 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 27.

3 Ibid., 47.

34 President’s Commission, Screening and Counseling for Genetic Conditions, 55.

35 American College of Medical Genetics, Principles of Screening.

% National Academy of Sciences, Genetic Screening: Programs, Principles and Research (quoted in
Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 29).

37 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 26, 50; Natowicz
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Conditions, 8.
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% lbid., 49; National Academy of Sciences, Genetic Screening: Programs, Principles and Research;
President’s Commission, Screening and Counseling for Genetic Conditions, 8.



Whom Should Be Offered Screening

The IOM Committee stated that there should be equal access to testing for people
“at approximate equal risk of having a genetic disorder.”® In the future, improved and
cheaper testing technologies, including DNA chips, may enable general population-based
screening for all known variations of a gene at reasonable cost.*!

When to Screen

Timing of a screening test is important. The NAS Committee found that if a test
is performed for disease prevention and management, the time to offer the test is
sometime before the age at which treatment must be started in order to be effective. For
testing to assess reproductive risks for single-gene disorders, the time to offer the test is
when reproduction is being considered, thereby optimizing reproductive options.*> The
IOM Committee agreed, rejecting the claim that screening should be delayed until
pregnancy because most women will not come in for care until they are pregnant.*®

How to Screen

Testing must be voluntary and accompanied by adequate pretest education and
informed consent.** The IOM Committee stated that the standard should be to “offer” a
screening test.*® Appropriate posttest counseling and follow-up evaluation are also
essential.*®  Screening programs also must have effective processes for storing and
processing test results.*” Some stipulate that all genetic screening test results must be
confidential and acknowledge concerns for potential discrimination by insurers or
employers based on test results.*®

40 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 47. The I0M
Committee disagrees with the earlier NAS Committee that testing should be offered to everyone because
singling out subpopulations raises the potential for stigmatizing groups.

4l See, e.g., Henn, “Genetic Screening with the DNA Chip,” 200. For a discussion of DNA chips, see
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Reasonable Screening Costs

Screening programs must be economically feasible, conferring significant benefit
to enough individuals to justify the expenses of screening.® However, the President’s
Commission and the IOM Committee emphasized the limits of cost-effectiveness analysis
for genetic testing and screening, where indirect costs and benefits, including
psychological costs and benefits, are difficult to measure.>® They also pointed out that for
screening, simple aggregation of “gains and losses across all the individuals affected
omits considerations of equity and fairness.”®* They both recommended that cost-benefit
analysis be used within an ethical framework, rather than as a method of avoiding
difficult ethical judgments.>® In the future, new testing technologies such as DNA chips
and tandem mass spectrometry may render cost issues less central because of their ability
to test for multiple genetic variants in single assays, probably at decreasing costs.>

The IOM Committee noted that while cost-benefit analysis may play a part in
allocational decision-making for screening programs, the reduction of health costs cannot
justify compulsory screening.>* They expressed concerns about the implications of cost-
benefit analysis for predictive genetic screening when uncertainties about test results may
exist and effective treatments are often unavailable.® They and others also note the
particularly grave consequence that could result from using monetary costs and benefits
to justify reproductive screening.>®

49 Natowicz and Alper, “Genetic Screening: Triumphs, Problems, and Controversies,” 478; for a discussion
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Reproductive Screening Tests
Prenatal Screening Tests
Maternal Serum Screening

Maternal serum screening is a noninvasive testing method performed on a blood
sample obtained from a woman early in pregnancy to determine fetal risk for neural tube
defects,®” Down syndrome, and trisomy 18.°® Maternal serum screening is an example of a
preliminary screening test that detects, from a larger population, a smaller group of high-risk
women who require further testing.>® For neural tube defects, the test detects women with a
1in 20 risk, versus a 1 in 1,000 risk for the general population; it detects about 85 percent of
affected fetuses.’ Screening detects 60 percent of fetuses with Down syndrome, with a 5
percent false positive rate.%

The original test, for a single maternal serum marker, alpha-fetoprotein, indicated
pregnancies at risk for neural tube defects. The screening test was adopted in the United
Kingdom in the late 1970s; its approval and implementation in the United States occurred in
the mid-1980s, following some debate regarding the potential harms of screening.®> The
American College of Obstetricians and Gynecologists (ACOG) supported the screening test
as a standard of care for all pregnant women who would be under age thirty-five at the time
of delivery, and they issued a professional liability “alert” advising obstetricians about
professional liability implications of not offering, and documenting the offering, of the test.®®

When researchers later found that analysis of serum alpha-fetoprotein and two
additional serum components could provide risk information about Down syndrome and
trisomy 18, “triple marker” screening was rapidly introduced and endorsed by the

57 For a discussion of neural tube defects, see March of Dimes, Fact Sheet: Spina Bifida, March of Dimes
website: http://www.modimes.org, visited August 18, 1999.
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professional genetics societies.®® Triple marker screening has not, however, received
approval by the Food and Drug Administration.®® One state, California, mandates that
maternal serum screening be offered to all pregnant women.®

Some commentators continue to express concern that the driving force behind
professional endorsement of maternal serum screening was not the benefit of the woman
tested but the protection of physicians from litigation for “wrongful births.”®” Others suggest
that adoption of screening without discussion of ethical, legal, and social issues was
inappropriate®® and cite evidence that physicians sometimes pressure women to be screened
and do not obtain meaningful consent.® The IOM Committee acknowledged that maternal
serum marker screening is sometimes performed without adequate pretest education and
consent, resulting in anxiety among women who have no reason to consider their fetuses to
be at risk for a genetic disorder.” It affirmed, however, that screening should be offered as
voluntary and that patients must be informed that a positive test result may indicate further
evaluation that may include amniocentesis.”* It also emphasized the importance of
counseling services to those who test positive in more specific follow-up testing.

Invasive Fetal Screening Tests

The genetic testing of fetal cells and amniotic fluid obtained by amniocentesis or of
fetal cells by chorionic villus sampling is offered as a specific diagnostic follow-up test to
women testing positive for maternal serum markers and to women at known familial risk for
a genetic disorder.” It also is offered as the standard of care as a screening test to all

64 J. E. Haddow et al., “Prenatal Screening for Down Syndrome with the Use of Maternal Serum Markers,”
New England Journal of Medicine 327 (1992): 588; American College of Obstetricians and Gynecologists,
Committee Opinion: Down Syndrome Screening, August 1994,
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pregnant women who will be age thirty-five or older at the projected date of birth, based on
the increased fetal risk for chromosomal abnormalities for women of advanced maternal
age.”® At maternal age thirty-five, the risk for an affected fetus equals the risk for testing-
induced miscarriage, approximately 1 in 200.” This test, unlike maternal serum screening, is
a highly specific diagnostic test, although in some cases it also may detect results of
uncertain clinical significance.”

The IOM Committee stated that in circumstances of increased fetal risk for genetic
disorders, including advanced maternal age, offering prenatal genetic diagnosis should be the
standard of care.”® They also stated that adequate counseling and education should be the
standard of care, even if less invasive techniques, such as maternal fetal cell testing (using
fetal cells present in a routine blood sample obtained from a pregnant woman), become
available.”” They recommended that third-party payers should reimburse for appropriate
prenatal diagnostic testing but that test results should not be disclosed to payers.®

Carrier Screening Tests

Carrier testing aims to identify healthy individuals who are at risk for bearing
children with genetic disorders.” It may be performed as a preconception test for individuals
considering marriage or pregnancy.® It also may be performed as a prenatal test, in which
both parents can be tested to determine whether or not an already-conceived fetus is at risk;
in this case, it is called a prenatal carrier test. Carrier testing may provide expanded
reproductive options for the individuals or couples tested.®*

Carrier testing may be targeted to individuals based on family history of a recessive
single-gene disorder such as cystic fibrosis or Duchenne muscular dystrophy. Carrier testing
also is performed as a population screening test targeted to individuals of a particular racial,
ethnic, or geographic population that is known to be at increased risk for a particular
autosomal recessive disorder.®

3 American College of Obstetricians and Gynecologists, Technical Bulletin: Antenatal Diagnosis of
Genetic Disorders, Number 108, September 1987, 1; American Academy of Pediatrics and American
College of Obstetricians and Gynecologists, Guidelines for Perinatal Care, 3d ed., 1992, 59; American
College of Medical Genetics, Statement on Multiple Marker Screening in Pregnant Women, 1996,
American College of Medical Genetics website: http://www.faseb.org/genetics/acmg/pol-18.htm, visited
July 22, 1998.

4 See Chapter 3, page 57.

5 See Chapter 3, page 58.

76 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 103.

7 Ibid.; for a discussion of maternal fetal cell testing, see Chapter 3, page 52.

78 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 105.

8 For a discussion, see Chapter 3, page 50.

80 For discussion of carrier screening programs targeted to unmarried young adults and adolescents, see
page 121, this chapter. For a discussion of genetic testing of minors, see Chapter 8.

8 For a discussion, see Chapter 3, page 56.

82 Population-based genetic risks are caused by “founder mutations.” For a discussion, see Chapter 3, page
63.



A Successful Screening Model: Tay-Sachs Disease

One in 30 Ashkenazi Jewish Americans, versus 1 in 300 other Americans, are
carriers for Tay-Sachs disease, a neurodegenerative disease that is fatal within the first
several years of life.®® Before carrier screening for Tay-Sachs disease started in the early
1970s, approximately 1 in 4,000 newborns of Ashkenazi Jewish parents were affected.®*

Tay-Sachs carrier screening provides a prototypical model® for carrier screening
because of the following factors: (1) the severity of the disease, a uniformly fatal,
“devastating” disorder; % (2) the fact that the disease affects 100 percent of infants who
inherit two mutant gene copies; (3) the absence of any effective medical treatment
options; (4) the ability to target an identifiable and motivated high-risk group for
screening; (5) the availability of a relatively simple, clinically valid, and inexpensive
carrier test; and (6) the availability of an effective prenatal diagnostic test for identified
carrier couples.

In the 1970s, Tay-Sachs screening programs were initiated at the community
level, and the “unrelenting vigilance” of the community and religious representatives and
physicians who planned and implemented the programs was critical to their success.®’
Programs provided education and incorporated informed consent, steps to ensure
confidentiality, and pretest and posttest counseling. Most programs targeted young
married couples who were contemplating pregnancy, although others reached more
broadly for all unmarried eighteen-year-olds. Another factor in the program’s success
was the use of pilot studies to test the validity and reliability of the enzyme-based
screening test.®

Tay-Sachs carrier screening, coupled with effective prenatal diagnosis, has
resulted in a 95 percent reduction in the number of new Tay-Sachs births.8® By 1993,

8 American College of Gynecologists and Obstetricians, Screening for Tay-Sachs Disease, Committee
Opinion 162, November 1995. Persons of French Canadian and Cajun populations also have a greater
carrier frequency than the general population.

8 1bid. Frequency of autosomal recessive disorders can be calculated as the chance of two asymptomatic
carriers meeting and reproducing and the chance that any one child will inherit an affected allele from each
parent (one in four). Thus, in the Ashkenazi Jewish community, the chance of an affected child is
calculated as (1/30 x 1/30) (1/4). Approximately 1 in 360,000 newborns of the general population is
affected.

% For a discussion, see Natowicz and Alper, “Genetic Screening: Triumphs, Problems, and Controversies,”
480-481; see also Markel, “Scientific Advances and Social Risks,” 165-167; President’s Commission,
Screening and Counseling for Genetic Conditions, 19.

8 Natowicz and Alper, “Genetic Screening: Triumphs, Problems, and Controversies,” 481.

87 Markel, “Scientific Advances and Social Risks,” 167; see also President’s Commission, Screening and
Counseling for Genetic Conditions, 13.

8 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 42.

8 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 296.



36,000 carriers and 1,056 carrier couples had been detected worldwide.*® Thousands of
healthy infants have been born to at-risk couples, many of whom may not have initiated
pregnancies in the absence of a reliable genetic prenatal test.®? Screening continues
today, generally integrated into clinical health care®® and facilitated by the availability of a
DNA-based test that detects the three most common gene mutations that cause Tay-Sachs
disease in the Ashkenazi Jewish population, for an overall sensitivity of 98 percent.%

A Problematic Screening Model: Sickle Cell Disease

A carrier screening program for sickle cell disease, also implemented in the early
1970s, exemplifies the harms that may result when a screening program lacks clearly
defined goals and is poorly planned and implemented. Sickle cell disease is a serious
autosomal recessive blood disorder that is frequent in the African American community;
in this community, the carrier rate is 1 in 12, and the incidence of newborns with the
disease is about 1 in 600.%

The disease is caused by inheritance of two mutant copies of the gene that codes
for the beta globin protein, a component of hemoglobin contained in red blood cells. The
abnormal hemoglobin protein that results causes red cells to deform, or “sickle,” resulting
in episodic circulation blockages and severe pain.*® The disorder also increases risk for
potentially lethal bacterial infections and causes long-term organ damage. The severity of
the disorder and the lifespan of affected individuals can vary significantly.

Many sickle cell carrier screening programs of the 1970s, unlike Tay-Sachs
disease carrier screening programs, were initiated and sponsored by government.*® In
1971, President Richard Nixon pledged increased federal support for treatment and
research of sickle cell anemia, and Senate hearings resulted in establishment of a national
sickle cell anemia program.’” Seventeen states, including New York State, enacted
screening laws, some of them mandatory.®® Laws exclusively targeted African

% M. Kabach, “Tay-Sachs Disease,” 2309; see also Chapter 3, page 56.

% Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 43.

9 The American College of Obstetricians and Gynecologists recommends that carrier testing for Tay-Sachs
disease be offered, ideally before pregnancy, to both members of couples of Ashkenazi Jewish descent.
American College of Obstetricians and Gynecologists Committee on Genetics, Screening for Tay-Sachs
Disease, ACOG Committee Statement no. 162, November 1995.

9 Gelehrter, Collins, and Ginsburg, Principles of Medical Genetics, 296.

% Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 41.

% For a discussion of the disease, see March of Dimes, Fact Sheet: Sickle Cell Disease, March of Dimes
website: http://www.modimes.org, visited August 18, 1999; Gelehrter, Collins, and Ginsburg, Principles of
Medical Genetics, 98.

% President’s Commission, Screening and Counseling for Genetic Conditions, 17-22.

9 H. Markel, “The Stigma of Disease: Implications of Genetic Screening,” American Journal of Medicine
93 (1992): 209, 212-213. A 1972 New York State law requires testing of applicants for marriage licenses
for the purpose of “discovering the existence of sickle cell anemia” to persons “not of the Caucasian,
Indian or Oriental race.” N.Y.S. C.L.S. Dom Rel § 13-aa (McKinney 1999).

% L. B. Andrews, “Sickle Cell Screening Laws and Regulations,” in State Laws and Regulations Governing
Newborn Screening (Chicago: American Bar Foundation, 1985): 147.



Americans, despite similar risks of related conditions in other ethnic groups (e.g.,
thalassemia in people of Mediterranean heritage).*®

Screening programs “evolved in a rapid, haphazard, often poorly planned fashion,
generated in large measure by public clamor and political pressure.”'% Physicians were
not sufficiently knowledgeable and education efforts were inadequate.’®* There was no
effective prenatal diagnostic test available for couples in which both individuals were
identified as carriers.2%2 Also, unlike for the uniformly fatal Tay-Sachs disease, avoiding
the birth of an affected child “was less widely regarded in the relevant population groups
as obviously desirable.”'% The timing of screening was questionable, targeting school-
aged children as well as young adults of marriage age.*®

Another major problem was that the testing methods lacked adequate analytical
validity. The initial laboratory test did not distinguish between the individuals who had
inherited the autosomal recessive disease and the much higher number of individuals who
were healthy carriers of a single sickle cell gene mutation.’®® The National Sickle Cell
Anemia Control Act itself failed to make the distinction between disease and carrier
status, incorrectly stating that “sickle cell anemia is a debilitating, inheritable disease that
affects approximately two million Americans.” In fact, there were approximately two
million carriers, but only 50,000 persons were affected by the disease.%

9 See Markel, “Scientific Advances and Social Risks,” 163.

100 National Academy of Sciences, Genetic Screening: Programs, Principles and Research, 117 (quoted in
President’s Commission, Screening and Counseling for Genetic Conditions, 21). See also D. Wertz,
“Sickle Cell Testing: Past and Present,” The Gene Letter (July 1996), website: http://www.geneletter.org,
visited January 29, 1998.

101 Markel, “The Stigma of Disease,” 213. For example, one 1974 survey of 160 physicians found that one
in seven believed carrier status to be a disease.

102 Until 1978, the only prenatal test available required a fetal blood sample, posing high risk to the fetus.
Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 42.

103 president’s Commission, Genetic Screening and Counseling, 22.

104 N. A. Holtzman, Proceed with Caution, 219. Newborn hemoglobinopathy screening programs began
about 1976. See R. Murray, “The Ethics of Predictive Genetic Screening: Are the Benefits Worth the
Risks?” in Plain Talk about the Human Genome Project, ed. E. Smith and W. Sapp (Tuskegee, AL:
Tuskegee University, 1997), 139, 145.

105 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 41; Wertz,
“Sickle Cell Testing: Past and Present.”

106 Holtzman, Proceed with Caution, 219 (citing Phillip Reilly, M.D., I.D.). See also Murray, “The Ethics
of Predictive Genetic Screening,” 143. Murray states, “People who have the carrier trait are generally quite
healthy. There is some evidence that a very small minority of individuals who are carriers of the sickle cell
gene might be at risk for certain physical problems under extreme conditions. But these are rare, and there
is still no definitive proof that that the presence of the sickle cell trait [carrier status] is responsible for these
abnormalities.” 1Ibid. Sickle cell carrier status is sometimes referred to as “sickle cell trait,” likely
contributing to the misperception that carriers are affected.



Psychosocial harms resulted for individuals who were carriers but mistakenly
believed they had the disease. For example, in a Chicago screening program sponsored
by the political activist group the Black Panthers, about 10 percent of parents were
reportedly misinformed that their children had inherited the disease and would likely die
by age twenty.2%” Discrimination also resulted. In at least five states, marriage licenses
and/or school attendance were denied to those who refused testing.!® Adults faced
discrimination in health and life insurance and in employment.1® In response to an
erroneous medical report that claimed shortened longevity for sickle cell carriers, over a
quarter of life insurance companies raised their premiums for carriers by as much as 25
percent.!® Based on the unclear purpose of screening, the absence of a prenatal
diagnostic test, and the targeting of African Americans, some perceived screening as a
form of anti-black eugenics or a step toward genocide.!!!

Government efforts to redress these mistakes eventually helped promote high-
quality carrier and disease screening programs.'2 By the early 1980s, an effective and
reliable prenatal diagnostic test for sickle cell disease was available.''®* Most state
screening laws for sickle cell screening, with the exception of screening in newborn
programs, have been revised or abolished.!** For reproductive screening, ACOG
recommends that obstetricians attempt to identify couples at increased risk for having
offspring with sickle cell disease or related blood disorders (hemoglobinopathies) such as
thalassemia.t®

Cystic Fibrosis Screening Debate

Almost thirty years later, a new debate has developed regarding the
appropriateness of population-based carrier screening for another autosomal recessive
disorder, cystic fibrosis. Cystic fibrosis is the most frequent autosomal recessive disorder
among Caucasians in the United States, with a carrier incidence of 1 in 29 and a disease
incidence of 1 in 3,300.1¢ It is a disease with variable presentation and course, generally

197 Wertz, “Sickle Cell Testing: Past and Present.”

108 Holtzman, Proceed with Caution, 219.

109 Markel, “The Stigma of Disease,” 213; see also Chapter 10, page 281.
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Technology and Biomedical Ethics: The Road to Eugenics,” University of Chicago Law School Roundtable
491, 1996, 71; Murray, “The Ethics of Predictive Genetic Screening,” 146.

11 Murray, “The Ethics of Predictive Genetic Screening,” 145; D. J. Kevles, In the Name of Eugenics:
Genetics and the Uses of Human Heredity, 2d ed. (Cambridge, MA: Harvard University Press, 1997), 278.
112 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 42.

113 Wertz, “Sickle Cell Testing: Past and Present.”
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Committee Opinion no. 168, February 1996. Also, in 1983, the establishment of penicillin prophylaxis as a
useful treatment to prevent morbidity and mortality of children with the disease provided a rational basis for
sickle cell disease screening of newborns. See National Institutes of Health Consensus Conference,
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characterized by pulmonary (lung), and sometimes gastrointestinal, disease.!!’ In 1995,
median survival of those diagnosed with cystic fibrosis was 30.1 years, but in rare cases,
affected individuals have a normal lifespan.!8

In 1989, researchers discovered the gene that, when mutated, leads to cystic
fibrosis.!'® The gene, called CFTR, is very large, containing over 6,000 DNA bases that
encode for a protein that functions in the transport of fluids and salts across cell
membranes.’?® Researchers have discovered hundreds of different clinically relevant
mutations at key bases in this gene that can prevent the production of functional protein.
In individuals who inherit two mutant CFTR gene variants and cannot make normal
CFTR protein, tissue secretions in the lungs and gastrointestinal organs are abnormally
viscous, causing emphysema and gastrointestinal malabsorption.

Discovery of the gene and mutations associated with cystic fibrosis allowed both
carrier and prenatal testing for individuals at high reproductive risk because of family
history. The high prevalence of CFTR gene mutations, the seriousness of the disorder,
and the availability of sensitive and accurate DNA-based testing methods also prompted
consideration of more widespread carrier screening. In April 1997, a National Institutes
of Health (NIH) Consensus Development Conference was convened to assess the optimal
practices for testing for cystic fibrosis carriers.’?* In the resulting consensus statement,
the panel recommended that cystic fibrosis carrier testing should be offered “to the
prenatal population and couples currently planning a pregnancy, particularly those in high
risk populations.”*??> Several commentators noted that this recommendation would likely
lead to the offering of cystic fibrosis carrier testing to all pregnant women as the standard

117 For a review of the genetics and clinical aspects of cystic fibrosis, see T. Brown and E. Langfelder
Schwind, “Update and Review: Cystic Fibrosis,” Journal of Genetic Counseling 8 (1999): 137; P. T.
Rowley, S. Loader, and J. C. Levenkron, “Cystic Fibrosis Carrier Population Screening: A Review,”
Genetic Testing 1 (1997): 53. For general information about the disease, testing, and treatments, see the
Cystic Fibrosis Foundation website: http://cff.org, visited May 17, 2000.

118 National Institutes of Health, NIH Consensus Statement, 5.

119 7. R. Riordan et al., “Identification of the Cystic Fibrosis Gene: Cloning and Characterization of the
Complementary DNA,” Science 245 (1989): 1066; J. M. Rommens et al., “Identification of the Cystic
Fibrosis Gene: Chromosome Walking and Jumping,” Science 245 (1989): 1059.

120 Rommens et al., “Identification of the Cystic Fibrosis Gene,” 1059. The CFTR (cystic fibrosis
transmembrane regulator) gene contains twenty-six exons; including the intron sequences that “interrupt”
the coding sequence, the gene spans about 250,000 DNA bases. For a discussion of gene exons and introns,
see Chapter 1, page 9.
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medicine and public health in an unbiased, impartial manner.” See “CF Genetic-Testing Panel Emphasizes
Education,” Human Genome News, January 1998, 13.

122 National Institutes of Health, NIH Consensus Statement, 16.



of care, based on physician fear of litigation.!?® In fact, a survey of clinical genetics
centers in New York, Puerto Rico, and the Virgin Islands showed that about half of
centers that offered cystic fibrosis carrier screening altered their screening policies
following the NIH consensus statement, either by offering screening to patients “at higher
risk ethnicities” or by extending screening to all patients.?

In October 1997, an NIH Workshop was convened to consider implementation of
the consensus recommendations. Workshop participants concluded that several issues
must be resolved before the offering of testing to all pregnant women becomes the
standard of care, and that resolution would require a minimum of eighteen to thirty-six
months.}?® The American College of Medical Genetics (ACMG) and ACOG reached
similar conclusions.?® Issues include adequacy of education and counseling systems and
the reliability of the screening test for different racial and ethnic groups. Following the
NIH Workshop, a joint steering committee of the NIH, ACOG, and ACMG was
convened to implement its recommendations.t?’

The scientific, medical, and social components of such a screening initiative are
examined in this section, based on the recommended principles and guidelines for genetic
screening programs. '

Value of the Screening Test

Cystic fibrosis is a serious disorder but, unlike Tay-Sachs disease, symptoms,
disease severity, and lifespan are variable. Affected individuals display mild to severe
symptoms, and, although there is no cure, disease management interventions have greatly
increased life expectancy.*?® For adults with cystic fibrosis, over one-third are married or
live with companions and over three-quarters are employed, students, or homemakers.**

123 D, C. Wertz, “NIH Recommends Carrier Testing for Pregnant Women,” The Gene Letter, May 1997,
website: http//www.geneletter.org, visited August 30, 1999; J. Schmidtke, “A Commentary on the NIH
Consensus Development Statement ‘Genetic Testing for Cystic Fibrosis,””” Community Genetics 1 (1998):
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Genetic Testing 3 (1999): 215. Patient ethnicity bases of the centers was a significant factor in policy,
however, with centers serving “lower-risk” ethnic populations less likely to offer testing at all, and some
centers offering testing to only limited groups. Ibid., 217.

125 M. T. Mennuti, E. Thompson, and N. Press, “Screening for Cystic Fibrosis Carrier State,” Obstetrics
and Gynecology 93 (1999): 456, 461.
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Today 42 (May/June 1998): 7.
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128 See page 104, this chapter.

129 For a discussion of clinical management procedures and investigational stage treatments, see Brown and
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The NIH consensus statement acknowledges these factors but considers the disease
sufficiently serious to warrant general screening, provided adequate education and
counseling occur. Others agree, including one professional conference report that noted
that “nearly all affected individuals have substantial multi-system disease.”*3!

The NIH consensus panel concluded that the incidence of cystic fibrosis in
American populations justifies screening. Disease incidence is about 1 in 3,300 for
Caucasians, 1 in 9,500 for Hispanics, 1 in 15,300 in African Americans, and 1 in 32,000
in Asian Americans.!32

Purpose of Screening

The NIH consensus statement holds that the aim of testing is to provide
information for informed decision-making.'®® Carrier testing expands reproductive
options, allowing DNA-based testing by prenatal diagnosis or pre-implantation testing of
embryos. In several studies, the majority of at-risk couples detected by carrier screening
chose prenatal diagnosis.***

Predictive Value of the Screening Test

DNA-based testing is highly accurate, but current testing technology cannot detect
all clinically significant mutations because of the large size and complexity of the CFTR
gene. Although over 800 different CFTR gene mutations have been identified, DNA-
based testing detects less than 90 percent of mutations in the general Caucasian
population and only 30 percent of mutations in the Asian American population.'®*  About
two dozen mutations are common worldwide, but many others are rare, and particular
mutations are more common in individuals of different ethnic backgrounds. A screening
test that scores for a limited panel of mutations, therefore, will generate different rates of
false negatives in different populations.

Even for these identified mutations, the clinical impact on an individual based on
the inherited gene variants may be difficult to predict. While particular mutations can be

181 J. E. Haddow et al., “Issues in Implementing Prenatal Screening for Cystic Fibrosis: Results of a
Working Conference,” Genetics in Medicine 1 (1999): 129.

132 National Institutes of Health, NIH Consensus Statement, 7-8. The incidence for native Africans and
Asians is lower, less than 1 in 50,000.

133 National Institutes of Health, NIH Consensus Statement, 18.

134 Rowley, Loader, and Levenkron, “Cystic Fibrosis Carrier Population Screening,” 53; D. J. Brock,
“Prenatal Screening for Cystic Fibrosis: 5 Years’ Experience Reviewed,” The Lancet 347 (1996): 148. A
lower rate of uptake was reported for a study involving couples with a previously affected child. See Brown
and Langfelder Schwind, “Update and Review: Cystic Fibrosis,”149.

135 See Brown and Langfelder Schwind, “Update and Review: Cystic Fibrosis,” 143; National Institutes of
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strongly correlated with pancreatic impairment, the impact of particular mutations on
lung disease, the major factor affecting quality of life and longevity for a cystic fibrosis
patient, is more difficult. There also is evidence that disease pathology is significantly
affected by other, not fully identified, environmental and genetic factors.13®

The high number of detectable CFTR gene mutations, uncertainty about how
many of these mutations affect the disease process, and the different incidence of
mutations in different populations can lead to dilemmas about which mutations to test for.
There is not yet a standard of care for which mutations should be surveyed, and different
testing laboratories use different methods and different mutation testing panels.**’

Whom Should Be Offered Screening

Based on differences in test sensitivity for different populations, some disagree
with the NIH consensus recommendation that testing be offered to pregnant women of all
ethnic and racial backgrounds.!3® Questions also remain about whether testing should be
offered only to those groups at some threshold risk for disease. For example, one
professional group suggested that screening should be offered to any population with a
carrier rate of one in thirty-five or greater.!%

When to Screen

The NIH consensus panel considered research that showed that, in the general
population, interest in testing for cystic fibrosis carrier status occurs primarily among
pregnant women.*® Reasons for interest among pregnant women are diverse. Some are
interested in prenatal testing and possible pregnancy termination, whereas others only
wish to know their carrier status, perhaps to prepare for the possibility of an affected
child.!*  One studied also showed that obstetrician-gynecologists offered screening
exclusively to pregnant women, apparently for logistical reasons.#?

The NIH consensus panel’s recommendation to offer the test to pregnant women
is counter to recommendations of the NAS and IOM Committees, which favored
preconception testing.!*®> The NIH Workshop agreed with the consensus statement that

136 National Institutes of Health, NIH Consensus Statement, 9. Brown and Langfelder Schwind, “Update
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al., “Diversity of Cystic Fibrosis Mutation-Screening Practices,” American Journal of Human Genetics 62
(1998): 1252.
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while preconception screening is more desirable, data show a lack of interest in screening
by the nonpregnant population.44

How to Screen

The NIH consensus statement declares that screening efforts must be accompanied
by educational programs targeted to health care professionals and the general public, that
genetic counseling services must be available and accurate, and that every attempt should
be made to protect “individual rights, and genetic and medical privacy rights.”*> The
panel cites concerns among the public that disclosure of test results might affect family
relationships or may lead to discrimination by employers or health insurers.'*® It
stipulates that it is essential that screening be phased in over time to ensure appropriate
education and counseling.

Commentators contend that the complications of CFTR gene testing, the different
mutation patterns in different populations, and the evolving data about the clinical
significance of particular mutations are beyond the scope of most practicing primary care
and prenatal providers.'*” These concerns are supported by survey data that show that
many obstetrician-gynecologists could not correctly answer multiple-choice questions
about CFTR gene mutations and carrier frequencies in different populations.4®

Reasonable Screening Costs

The NIH consensus panel stated that 1997 testing costs ranged from $50 to $150
per test, each test including a panel of six to seventy-two mutations; they also predicted
that testing costs will continue to decline.’*® The panel noted that counseling and
educational costs also must be taken into account. The consensus report cites studies that
estimate medical cost savings based on averted cystic fibrosis pregnancies.™™® One
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commentator referred to this discussion as an indirect and ethically troubling claim that
“screening of this kind represents good value.”*®

Adolescent and School-Based Carrier Screening

Although many agree that the ideal age for identifying carriers for autosomal
recessive diseases is in early adulthood, prior to pregnancy initiation, the cystic fibrosis
screening studies showed that most individuals are not interested in testing in the absence of
personal, concrete, marital, and/or reproductive plans.’®> Some have proposed targeting
young adults and adolescents of high-risk populations by school-based screening programs.
A few such programs exist.

Dor Yeshorim Screening Program

In the early 1980s, a premarital Tay-Sachs carrier screening program was adapted for
the ultra-Orthodox Jewish community, which is opposed to abortion and contraception.>®
The program, called Chevra Dor Yeshorim, was initiated in New York State; it has since
expanded internationally and has tested over 150,000 individuals.’®* Marriages within the
ultra-Orthodox Jewish community are generally prearranged, and the program is designed to
prevent marriages between two carriers. The program targets twelfth graders in Orthodox
Jewish schools to optimize identification of carriers when they are close to marriage age.'*®

Testing is voluntary and confidential and requires parental consent for individuals
under age eighteen.’® Samples are coded and the individuals tested are given their code
number only, not a test result. When a potential marriage match occurs, the family of one or
both of the partners contacts the program registry and provides both partners’ codes.™’
While the program aims to prevent the marriage of two carriers and the birth of infants
affected by Tay-Sachs disease, the families and individuals receiving the testing results are
free to use the information as they wish. Some credit the program’s focus on students for
whom marriage is not imminent, and its routine acceptance by the community, with reducing
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testing-associated anxiety.’® By identifying only carrier couples, versus all carrier

individuals, the program spares the majority of carrier individuals the potential psychosocial
risks, including stigmatization, of being identified as a Tay-Sachs carrier.™>®

Some commentators acknowledge the success of the program but contend that it
relies upon distinctive features of the Orthodox Hassidic community it serves, including the
cohesiveness and apparent mutual consent of a small community, the acceptance of
rabbinical endorsements, and the custom of pre-arranged marriage.*® In 1993 and 1995, the
program began testing for three additional disorders.*5*

Other School-Based Genetic Carrier Screening Programs

There are other examples of broader school-based carrier screening programs
designed to identify carriers as they approach young adulthood and performed outside the
United States.'®> For example, for over twenty years, programs in Montreal have targeted
high school seniors in population groups at increased carrier risk for Tay-Sachs disease
(based on Ashkenazi Jewish background) or beta-thalassemia, a blood disorder common in
those of Mediterranean background.®®  Students attend educational sessions and are
informed of the rationale for screening; both the student and a parent must consent to testing.
Screening reports are presented confidentially to the student by telephone, with offers of
additional education and counseling. Since the program was initiated in 1972, the regional
incidence of Tay-Sachs disease and beta-thalassemia fell 90 to 95 percent.'®*

The program elicited some criticism in the 1970s, citing concerns about
psychological harms to tested students.!® Responses to a 1996 review of the program,
however, were generally favorable. One commentator cited the program’s success “without
apparent psychological or sociological harm.”*®® Another commentator agreed but pointed
out that the program may benefit from aspects of the Canadian health care system, such as
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the ability of individuals age fourteen or older to seek health care on their own and reduced
concerns about loss of insurance coverage because of universal health care coverage.*®’

Another high school-based carrier screening program, this one for alpha and beta
thalassemia, was implemented in Hong Kong.® The program targeted students fourteen to
nineteen years of age and required parental consent, which was received for about 75 percent
of eligible students. The program reportedly involved less community consultation and
education than the Montreal program.

Screening for Susceptibility to Late-Onset Disorders

Generally, genetic testing to determine risks for late-onset disorders is offered
only to individuals identified to be at greater risk than the general population for a
particular disease based on their family and/or personal history. Commentators predict
that in the future, however, DNA-based testing technologies may lead to population-
based genetic screening to assess risk for some adult-onset disorders.'®® Population-based
screening programs could be offered to the general population or to select populations
perceived to be at higher risk for specific disorders (for example, based on racial or ethnic
background or on workplace environmental exposures).t”

One example of population-based marketing of a genetic test occurred in 1996,
when a commercial laboratory promoted BRCAL gene testing for a mutation estimated to
have a 1 percent prevalence among women of Ashkenazi Jewish descent.!’* The
laboratory targeted the offering of the test to all Ashkenazi Jewish women, regardless of
their family and/or personal history.1’? Many in the genetics community considered this
approach premature, citing the test’s uncertain predictive powers and the lack of
established clinical interventions.!™
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Possible Candidate Screening Tests

A strong candidate condition for population-based genetic screening is
hemochromatosis, an adult-onset disorder caused by excessive iron uptake, leading to iron
“overload” and possibly to liver cirrhosis, diabetes, heart disease, and other clinical
complications.*™ It is an autosomal recessive disorder, affecting individuals who inherit two
mutant copies of a gene called HFE, discovered in 1996.1® Among Caucasian and Hispanic
populations, the estimated prevalence of iron overload due to hemochromatosis is about 1
per 200:17® among African Americans it is less than 1 per 1,000.1”" It is one of the few
identified adult-onset genetic disorders for which simple effective therapy exists: removal of
blood iron by phlebotomy (regular bloodletting).1’

Prior to the discovery of the HFE gene, several groups had recommended population
screening of serum iron measures to identify those at risk for hemochromatosis.!”® Following
discovery of the HFE gene and identification of particular gene variants linked to
hemochromatosis, some proposed DNA-based population screening. In response, the
Centers for Disease Control and Prevention (CDC) and the National Human Genome
Research Institute (NHGRI) sponsored a meeting to evaluate the role of genetic screening for
hemochromatosis.’®® The panel concluded unanimously that it would be premature to
implement population-based DNA screening because of (1) limitations of the test’s
predictive power, based on evidence that other hemochromatosis-associated genes may exist
and evidence that some individuals who inherit two mutant copies of the HFE gene remain
asymptomatic,8! and (2) concerns regarding possible stigmatization and discrimination
against those who test positive. Following this report, the National Heart, Lung, and Blood
Institute implemented a five-year, multiethnic, multicenter study to address the scientific and
clinical uncertainties of hemochromatosis screening and to identify the feasibility, benefits,
and risks of screening.?
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Some commentators also have recommended population-based screening for alpha-1
antitrypsin disorder, an autosomal recessive genetic condition that greatly increases
susceptibility to cigarette smoking-related chronic lung disease.'® The argument for
screening is that “knowledge is power” and that provision of definitive risk information to
susceptible individuals may promote risk avoidance and reduce disease.'® One
commentator supported this view by citing a study performed in Denmark, in which 67
percent of individuals informed that they were susceptible to this genetic disorder reportedly
quit smoking.®®

Genetic tests that detect lower risk susceptibility gene mutations for which preventive
interventions are available also may eventually be offered on a population basis, although
some question the value of screening when the degree of risk is low.'®® One example is a
particular gene variant in the APC gene, known as the 1130K variant, that is estimated to
occur in about 6 percent of the Ashkenazi Jewish population and to increase risk for colon
cancer approximately two-fold, from a general population lifetime risk of 5 percent, or one in
twenty.’®” Despite the marginal increase in disease risk, this test could be offered as a
population screening test, provided it shows appropriate clinical validity and utility.'88

Special Issues for Genetic Screening for Late-Onset Disorders

Models for predictive genetic screening exist for reproductive and newborn
screening; in both cases, screening is performed to determine risk for single-gene
disorders for which inheritance of one or a pair of mutant gene variants results in a 100
percent chance of disease.® In contrast, no established models for predictive genetic
screening of adults, or for susceptibility gene variants, yet exist. In the future, however,
screening tests for hemochromatosis and for susceptibility variants that may increase risk
for more common late-onset disorders may enter mainstream clinical care. Before such
screening tests are offered, however, the principles derived over several decades for both
newborn and reproductive genetic testing must be similarly considered. Screening tests
must have a clearly defined purpose and high analytical validity,’®® and they must be
offered with appropriate education, counseling, informed consent, and confidentiality
protections. In addition, levels of a test’s clinical validity and utility may need to be
higher when these tests are offered to predict disease risks to healthy populations.
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Predictive Value of the Screening Test

A test’s predictive value — the chance that someone testing positive will get a
disease and that someone testing negative will not — may differ when the tested
individual is someone with known familial risk versus someone in the general population.
The possibility of clinical false positive results is especially high for genetic tests that
detect susceptibility mutations to determine risks for disorders that are not fully penetrant,
such as BRCA susceptibility mutations. BRCA gene testing was developed from
research involving families in which four or more members had breast and/or ovarian
cancer. Subsequent research showed that while BRCA gene testing of a woman with a
strong family history of breast and/or ovarian cancer who learns she has inherited the
familial mutation confirms her high risk, individuals without a strong family history who
test positive may be at significantly lower risk.’®® An inability to adequately interpret
BRCA gene test results outside of high-risk families contributed to one biomedical policy
group’s conclusion that “general population screening clearly cannot be justified.”'%? The
possibility of false negative test results also is greater when a family mutation has not
been identified.1%

Similar to DNA-based carrier testing for cystic fibrosis, the clinical predictive
value of some late-onset predictive tests also may vary for different populations when a
limited number of all possible mutations are targeted by the test.!** For example, APOE
gene testing data that indicate increased risk for late-onset Alzheimer disease associated
with inheritance of a particular gene variant were gathered from individuals of Northern
European descent and may not be valid for persons of other geographic or racial
derivation.’®® Before a predictive genetic test is applied to the general population, it is
critical that sufficient research be performed to establish the test’s predictive value for
members of that population.

Clinical Utility

Another important consideration is whether the offering of a predictive genetic
screening test should require availability of a medical preventive or treatment
intervention. In the absence of such a benefit, members of the general population who
perceive themselves to be at low disease risk and test positive for a susceptibility
mutation might experience more psychological distress than someone from a high-risk
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family.1% While some predict that genetic screening tests might be offered in the absence
of available interventions,'®” others think that tests should be restricted to those that
predict risk for treatable or preventable disorders.!®® In addition to providing a direct
medical benefit, the existence of a confirmed intervention also would be likely to reduce
concerns that persons identified to have susceptibility mutations would be subject to
psychosocial or discrimination risks.1%

Interpretation of Test Results

A key concern for the introduction of predictive genetic tests generally is the
common misperceptions about the meaning of test results.?®® This concern is of special
relevance for screening apparently healthy persons to detect susceptibility gene variants for
common late-onset disorders. While inheritance of such a gene variant may significantly
increase an individual’s risk for disease relative to the general population (relative risk), the
actual lifetime risk that any such individual will develop the associated disease may be quite
low. For example, persons of Ashkenazi Jewish descent who test positive for the 1130K
variant of the APC gene have an increase in their relative colon cancer risk of two-fold, or
100 percent.?t  Overall lifetime risk, however, is only about 10 percent, versus a general
population lifetime risk of 5 percent.?®> Providers must be able to adequately convey risk
data such that those testing positive do not misunderstand or overinterpret results that convey
increased risk. It is equally important that individuals who learn that they are not at
increased relative risk based on genetic testing (e.g., for breast cancer) understand that they
are not free of future disease risk and that baseline medical surveillance measures (e.g.,
routine mammography) and healthy behaviors are still prudent.

Multiplex Testing

Multiplex genetic testing is predictive testing for two or more completely different
conditions in a single testing session.?®® The multiple tests offered together may be
performed as separate laboratory tests or may be performed together in a single laboratory
testing session.’* One longstanding form of multiplex genetic testing is newborn
screening that tests newborns for a panel of serious congenital disorders for which
immediate  preventive interventions are available and require immediate
implementation.?®® More recently, multiplex tests have been created to screen for
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reproductive carrier status for autosomal recessive disorders,?® and some commentators
predict that commercial forces and DNA chip technologies?®” will drive the creation of
multiplex panels for late-onset predictive testing.2%®

Multiplex testing in effect moves a genetic test from the individual “at-risk”
model to a population-based screening model — tests are grouped together to be offered
to whole populations, not to particular individuals based on their family and/or personal
medical histories. This may be beneficial, provided the tests meet established criteria and
efficacious preventive options exist.?®® Some commentators, however, have expressed
concerns about criteria for grouping tests together, implications for the counseling and
informed consent process, and the potential for discrimination based on test results.?!°

Multiplex Prenatal Carrier Test Panels

Many medical centers and genetic testing laboratories now offer multiplex panels for
prenatal carrier testing for autosomal recessive disorders that have a high incidence in the
Ashkenazi Jewish population and for which reliable testing is available. The targeting of this
particular population is because of the identification of a limited number of Ashkenazi
Jewish “founder mutations” that account for the vast majority of certain single-gene
disorders that occur with high frequency in that population. For example, in this population,
a total of ten mutations in three genes accounts for 97 percent of cystic fibrosis and Tay-
Sachs disease and 98 percent of Canavan disease,?*! another incurable, progressively
neurodegenerative disorder that is often fatal in childhood.?'?
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Several academic and commercial genetic testing laboratories, and the Dor Yeshorim
program,?® offer multiplex carrier screening panels for three or more disorders.?* For
example, in 1995, one academic genetic testing laboratory in New York City began offering
a “Jewish Genetic Disease Carrier Program,” originally offering testing for Tay-Sachs
disease and cystic fibrosis.?® The screening panel has since expanded to include testing for
Canavan disease, Niemann-Pick disease, and Gaucher disease; patients can choose which
tests they wish to have performed. Within the program, almost 100 percent of patients
offered the screening panel accept it.?®

The appearance and expansion of such carrier testing panels have raised questions
about what types of screening tests should be routinely offered and how tests should be
bundled within a single panel. Some disorders, for example, Tay-Sachs disease, Canavan
disease, and Niemann-Pick disease,?’ all neurodegenerative disorders that generally are
lethal in childhood, are generally accepted as appropriate to offer together.?!® Inclusion of
other tests into such a panel, however, may provoke controversy because of variable disease
severity, range of symptoms, and existence of possible treatment options. For example,
cystic fibrosis is classified by some as a lethal disorder and by others as a nonlethal disease
of variable and significant morbidity.?!® Another is deafness due to inheritance of two
mutated copies of a gene called connexin 26.°° Deafness, unlike Tay-Sachs disease and
Canavan disease, is a limited disability, not a fatal and incurable neurodegenerative
disorder.?*
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Another and controversial example is Gaucher disease. This autosomal recessive
disorder has a carrier rate of about one in fourteen in the Ashkenazi Jewish community,??
and five mutations account for 95 percent of cases.?”® The majority of individuals who
inherit two gene copies bearing these mutations, however, are only minimally affected,?%*
with one study suggesting that the majority of affected persons never come to medical
attention.?”® In fact, Ashkenazi Jewish carrier multiplex testing has identified asymptomatic
prospective parents who themselves carry two mutant copies of the Gaucher disease
associated gene.??®  Mutation analysis for Gaucher disease offers limited prognostic
information because even individuals with the same gene mutations can have very different
clinical courses.??’

There also is an encouraging form of enzyme replacement therapy for Gaucher
disease, although it is very expensive.??® The possibility of treatment, along with the
disease’s variable severity, led at least one screening program, Dor Yeshorim, to decide
against including Gaucher disease in its testing panel.??® In 1995, the same considerations
led an NIH Technology Assessment Panel to recommend against widespread population-
based carrier screening for Gaucher disease, although they did state that peer-reviewed pilot
studies may be appropriate for some communities.?*°

Multiplex Testing for Late-Onset Disorders

Dr. Francis Collins, Director of the National Human Genome Research Institute,
projects that, by the year 2010, healthy young adults might routinely be offered multiplex
testing panels to determine future disease risks.*! He speculates that testing might be
offered when it is likely to reveal a two-fold or higher difference in individualized risk from
that of the general population. He also speculates that there may be separate panels to test for
disease risks for which established clinical interventions are available and those for which
interventions are not available.
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Multiplex panels for susceptibility tests to determine relative risk for late-onset
disorders also might be grouped by other factors, including age of disease onset,?*? degree of
disease risk (low risk versus high risk), disease classifications (e.g., cancers,
neurodegenerative disorders, mental disorders), and race or ethnicity (e.g., for identified
susceptibility mutations that occur in individuals of Ashkenazi Jewish background). Some
have suggested that from a list of available tests, individuals could choose to be tested and
obtain risk information for a selected subset of tests.?*®

In addition to panels for predicting disease risks, one commentator projects the
construction of “pharmacogenetic” testing panels to individualize risk-benefit assessments
for prescribing medications.?* Genetic testing panels also could be used to guide specific
medical decisions; for example, a woman making decisions about estrogen replacement
therapy might wish to ascertain her genetic (in addition to nongenetic) risk for disorders that
may be affected by estrogen therapy, including breast cancer, cardiovascular disease,
osteoporosis, and Alzheimer disease.

Policy Issues

The American Medical Association Council on Ethical and Judicial Affairs (AMA
Council) stated that physicians should not order tests for multiple genetic conditions unless
the tests are clinically relevant to the particular patient.?*® The IOM Committee opposed
“the multiplexing of all available genetic tests merely because it is technologically possible
to do s0.”2% It acknowledged, however, that multiplex panels will be developed in the future
and stated that innovative methods are needed to group tests by relative types of disorders
that raise similar issues.?®” The AMA Council also noted that in general medical practice, it
is often less expensive and equally convenient to order batteries of tests rather than
individual tests and that there may be incentives to promote bundled genetic testing.?3

A key issue for both reproductive and late-onset multiplex testing will be how to
bundle tests together to allow for adequate pretest education, counseling, and consent.?3®
An initial approach to bundling, based on the relative ease of identifying founder
mutations among racial and ethnic groups, resulted in the creation of the Ashkenazi
Jewish carrier panels. This approach is understandable at the present state of knowledge
about human gene variants, when such founder mutations common to defined
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geographic/social populations are more readily identifiable than other human gene
mutations.?4°

However, this approach to forming multiplex panels can complicate an already
complex set of issues. The population genetics that enable construction of panels for the
Ashkenazi Jewish population relies on a history of reproductive isolation that will not apply
for many groups and that may become even more complex with successive generations.?*
Also, the AMA Council stated that such targeted testing relies upon a patient’s self-
identification with cultural features that do not always correspond to genetic inheritance and,
that while ethnic considerations may be appropriate in some circumstances, such
considerations generally categorize patients rather than meet distinct needs and, in so doing,
risk being discriminatory.?*?

For late-onset genetic testing, the IOM Committee stated that tests for untreatable
disorders should not be multiplexed with tests for disorders that can be cured or prevented by
treatment or avoidance of particular environmental stimuli.?*®> Another commentator stated
that for creation of multiplex panels to predict risk for late-onset disorders, “the single most
important variable . . . is the need for effective interventions for those individuals identified
as having specific genotypes.”?** He noted, however, that grouping tests into two distinct
categories, based on whether a useful intervention exists, may not be simple. For example,
some tests may disclose disease risks for which only partially effective interventions exist
and for which it may be more difficult to balance the risks and benefits of screening.?#

Related concerns arise when considering creation of multiplex testing panels for
reproductive purposes. While many commentators agree that it is appropriate to offer
screening for disorders such as Tay-Sachs disease, which uniformly results in early childhood
death, many disagree about the implications of tests for disorders that are more variable in
their severity, occurrence, or treatability. One commentator, for example, suggests that one
way for grouping tests may be by disease characteristics, including disease mortality,
morbidity, and whether a disorder causes neurodegeneration (and associated mental
retardation).?*°

Others suggest that different panels might test for physical abnormalities, mental
abnormalities, or both.?*” Some predict that prenatal carrier testing panels may expand even
beyond testing for risks of infancy or childhood-onset single-gene disorders, to include tests
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for late-onset susceptibility disorders, for example, BRCA testing for adult-onset breast
cancer.?*® Some have argued that such testing is inappropriate and should not be offered as
part of a multiplex screening panel.?*® One experienced provider stated, however, that for
disorders that strike during infancy or childhood, parents want the opportunity to “decide
whether or not to be carrier tested and for what.”?*

Conclusions and Recommendations
Purpose of Predictive Genetic Screening

The purpose of predictive genetic screening should be to benefit the
individual or couple tested. Screening tests offered to healthy individuals
who do not perceive themselves or their offspring to be at increased risk
for disease based on family and/or personal history should provide clear
medical benefits or expanded reproductive options.

We agree with others that the primary benefit of genetic screening tests should be to
the individuals or couples tested and that testing should provide individuals with expanded
medical or reproductive options. Societal cost savings are not a sufficient reason to offer
them.

Predictive Value of Screening Tests

Predictive genetic screening tests should have a sufficient level of
confirmed predictive value in healthy populations to justify their use for
individuals who are not known to be at increased disease risk.

When a genetic test is offered as a screening test for healthy populations, as opposed
to a clinically indicated test for individuals identified to be at high risk based on family
and/or personal history, levels of both positive and negative predictive value of the test may
differ. The use of a test for a general population, versus for a group that is at relatively
higher risk than the general population for a true positive result, generally results in higher
numbers of false positive results. There are additional concerns for the predictive value of
genetic tests to determine risks for disorders that are not fully penetrant, such as BRCA
testing. In such cases, the effect of other genetic and environmental factors, often unknown,
will generally lower the test’s positive predictive value when used to screen persons who do
not have a strong family history of the disease. Also, the performance of DNA-based
screening tests to detect only some of all possible mutations of a particular gene may lead to
significant numbers of false negatives and different rates of false negatives for persons from
different ethnic or racial backgrounds. Before a predictive genetic test is offered as a
screening test, it is critical that sufficient research be performed to confirm that a test has
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sufficiently high predictive value for the members of the population to whom the test is
offered.

How to Offer Predictive Genetic Screening Tests

Predictive genetic screening tests should be voluntary and should be
offered only when accompanied by adequate education, counseling,
informed consent, test follow-up, and efforts to ensure confidentiality.

When a screening test has sufficient analytical and clinical validity, when testing
provides persons with useful medical or reproductive options, and when the risk of
inappropriate uses of test results is minimal, it is likely that most individuals would benefit
from predictive genetic screening. However, as more tests and improved testing
technologies become available, the types of tests offered and the benefits they may provide
will occur along a continuum with respect to seriousness of diseases screened for, relative
degree of risk, and the nature and degree of the benefits associated with preventive
interventions.

Based on these factors, reasonable persons might differ as to whether they wish to
undergo a particular screening test. It is critical that individuals who are offered screening
tests receive full pretest education and counseling, as well as appropriate posttest counseling
and follow-up. To assure this, adequate professional education of health care providers must
precede the offering of genetic screening tests.?®! It is essential that providers obtain
informed consent. The need for informed consent is heightened by the fact that routinely
offered screening, even though it is not mandatory, may pressure individuals to undergo
testing that they might not have elected in another context. Because of the potential for
testing-associated discrimination, those offering screening tests should ensure confidentiality
of testing and test results.

Special Concerns about Offering Genetic Screening to Determine Risks for Late-
Onset Disorders

Genetic screening tests to determine future risk for late-onset disorders
should have confirmed clinical utility, and screening should be offered on an
age-appropriate basis to ensure maximum medical benefit and minimal risks.

The benefits of offering predictive genetic screening should outweigh the risks,
which include the potential harms of psychosocial distress, discrimination, and harms based
on adoption of insufficiently tested, and possibly irreversible, medical interventions. The
chief benefit of predictive genetic screening is the ability to prevent or mitigate the onset of
the disease by initiating medical interventions before symptoms arise. For individuals who
are at high risk of developing particular diseases based on their family and/or personal

251 For further discussion, see Chapter 12.



history, another important potential benefit of predictive testing is the reduction of
uncertainty and facilitation of future planning based on test results. The reduction of
uncertainty, however, is not an issue for healthy persons with no family history of a particular
disease. In the absence of available medical interventions, therefore, there is no reason to
offer predictive genetic tests as part of a general screening program.

Timely offering of screening tests also is important to minimize testing-associated
risks. In general, screening tests should not be offered until the test result information will be
useful to the person tested, generally at the time when a preventive intervention must be
implemented to provide a medical benefit.

Special Concerns about Offering Genetic Screening to Determine
Reproductive Risks

Genetic screening tests to predict reproductive risks should provide
individuals and couples with useful options. Providers should make clear that
despite the routine offering of tests, some individuals may wish to decline if they
think that the test will not be useful to them. Providers should offer screening
tests in a timely manner to maximize the reproductive options of tested
individuals.

The eugenic programs of the past, as well as the history of mandatory carrier
screening programs and laws, show that misguided or poorly conceived programs and tests
can cause serious harms to individuals and groups.?? Based on these concerns, it is essential
that reproductive screening tests expand reproductive options and promote the autonomous
reproductive choices of individuals and couples tested. Governmental and societal pressures,
including economic pressures, should not influence those autonomous decisions.

Prenatal maternal serum screening, while not meeting the strict definition of a
genetic test used in this report, is a screening test to identify those at higher risk for fetal
disorders. Results from this screening test and follow-up prenatal tests, including fetal
chromosomal analysis, can cause significant anxiety and provide uncertain results that some
people may prefer not to confront. Accordingly, providers should offer these and other
prenatal tests, including prenatal carrier tests, with adequate education and counseling about
the possible outcomes and options and should obtain meaningful informed consent.

We agree with the IOM Committee that, ideally, carrier screening should be offered
before individuals attempt to conceive. Providers of routine gynecological health care
services should discuss with their patients of reproductive age the availability of carrier
screening, as well as health behaviors that promote fetal health (e.g., folic acid nutritional
supplements), prior to establishment of pregnancy. We acknowledge, however, the findings
of research studies that show that most individuals are not interested in carrier testing for
cystic fibrosis unless they are pregnant or planning a pregnancy.?>® Thus, we agree with the

252 See page 114, this chapter; see also Chapter 4, page 80.
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NIH Consensus Panel that carrier screening should be offered to pregnant women and their
partners.

Federal and State Governments Should Not Require Genetic Screening by Law

It is generally inappropriate for federal or state governments
to mandate population genetic screening. New York State should
repeal legislation that mandates sickle cell carrier screening for some
couples seeking a marriage license.

Government-mandated genetic screening can be justified only in special
circumstances, such as screening of newborns to prevent serious and irreparable harm that
could not otherwise be avoided.?®* For other forms of genetic screening, especially for
screening to determine reproductive risks, it is difficult to envision a sufficient justification
for mandated screening.

The history of misguided, although perhaps well-intentioned, sickle cell screening
legislation passed in states in the 1970s serves as a reminder of the very real harms of such
approaches. The misguided and inappropriate 1972 New York State legislation that required
testing of applicants for marriage licenses for the purpose of “discovering the existence of
sickle cell anemia” for persons “not of the Caucasian, Indian, or Oriental race,”?>® even
though not enforced, should be repealed.

Role of Study Panels and Professional Guidelines

Study panels that include national experts, community
representatives, and others, as well as professional medical societies
such as the American College of Obstetricians and Gynecologists and
the American College of Medical Genetics, should determine the
appropriateness of offering specific genetic screening tests based on
the test’s validity and utility. For reproductive screening tests, for
which follow-up options may include decisions about pregnancy
termination, professional guidelines should consider the seriousness of
the disorder tested for, its penetrance, its age of onset, and the
variability of disease symptoms.

254 For a discussion of newborn screening, see Chapter 6.
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While government agencies may easily ascertain whether a predictive genetic test has
sufficient analytical validity, decisions about a test’s clinical validity and clinical utility will
be more complex and will require specific research. Specially designated professional study
panels, as well as professional societies, can provide the necessary analysis at the appropriate
time to guide providers about when screening tests should be offered to the general
population (or to designated populations) as the standard of care.

For single-gene disorders and especially for more complex disorders, these types of
studies will be critical. Once sufficient data are collected, professional society guidelines can
educate and advise clinicians, thereby helping to establish standards of care. For example,
ACOG guidelines have been instrumental in developing the standard of care for maternal
serum screening and for carrier testing for sickle cell disease, Tay-Sachs disease, and
Canavan disease.

In the area of reproductive genetics, special considerations may apply. Tests are
available for disorders with a range of severity, penetrance (the chance that someone who
inherits a gene variant will develop a particular disease), and age of onset. Other tests will
likely become available for traits and conditions that do not involve serious morbidity or
mortality in early childhood. Available tests vary from tests for uniformly lethal disorders
(e.g., Tay-Sachs disease) to disorders with very variable severity (e.g., Gaucher disease) to
non-life-threatening disabilities, such as deafness. Tests for late-onset susceptibility gene
variants (e.g., BRCA, or future identified susceptibility variants for late-onset mental
disorders) might also be considered. Professional guidelines therefore should consider a
complex array of factors, including type of disease or impairment, degree of morbidity and
mortality, existence of treatments, and age of onset of disease.

Genetic Screening of Minors

Generally, minors should not be offered genetic screening tests to
determine future health or reproductive risks, unless screening
provides a clear and timely medical benefit and has minimal
psychosocial risks.

Genetic screening of children who are at no known family or personal risk should
not be offered unless there is a clear medical benefit to the minor. While school-based
programs may ensure reproductive carrier testing of most individuals prior to
reproduction, we believe that the lack of utility of that information to most minors, and
the potential risks associated with testing positive, shifts the balance of potential benefits
and risks in a negative direction. We recognize that some exceptions may exist, such as
the Dor Yeshorim program, in which contained communities with shared and unique
beliefs and customs, including arranged marriage and acceptance of rabbinical authority,
make possible a school-based program to screen older adolescents with their parents’
consent.



Multiplex Genetic Testing Panels

Genetic tests that provide information about future risks for
unrelated disorders should be included in multiplex testing panels
only when they meet all criteria for genetic screening tests. Tests
should be grouped based on similar issues and implications to allow
for adequate counseling and consent. For tests to determine risks for
late-onset diseases, tests placed in multiplex panels should provide a
demonstrated, significant medical benefit and should be offered on an
age-appropriate basis. For reproductive carrier testing, tests placed
on a multiplex panel should be for diseases of similar seriousness.

By bundling together predictive genetic tests to determine future risks for
unrelated disorders, multiplex panels are, in effect, screening tests, and all tests on a
multiplex panel should be subject to all requirements of screening tests. Each test placed
on a multiplex panel must have adequate and confirmed analytical and clinical validity
for the population to whom it is offered, as well as significant clinical utility.

The combined offering of multiple screening tests for unrelated disorders,
however, raises additional concerns because of the difficulty of providing meaningful,
detailed education and counseling about all possible test results. Questions thus emerge
as to how tests should be bundled together to provide multiplex panels for which pretest
education and meaningful consent are feasible. For susceptibility tests to determine
relative risk for late-onset disorders for which the benefits of testing clearly outweigh
risks, in the form of demonstrated medical or behavioral preventive interventions such
that most individuals would agree to undergo screening if they were fully informed about
each test, we agree that grouping of tests in a multiplex panel is acceptable.

In practice, however, there are likely to be significant variations among tests, even
when limited to tests for a related set of disorders, such as cancers. Such tests can differ
significantly in the degree of demonstrated clinical validity and clinical utility. We agree
with the IOM Committee that tests that are offered together in a multiplex panel should
raise similar issues and implications.?®® We also agree with them that further research in
this area is needed, including research about how educational tools, including video and
computer-based tools, might be helpful.

For genetic testing panels to detect an individual’s future risks for late-onset
disorders, factors to consider for construction of multiplex panels include degree of
relative risk, degree of efficaciousness of a preventive intervention, age of onset, and type
of disorder. For example, the implications of testing positive for a susceptibility mutation
for mental disorders may differ from those associated with risk for cardiopulmonary
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diseases or obesity. Tests should be grouped in multiplex panels so that they are offered
to individuals at the time of their life (e.g., early versus late adulthood) when
implementation of associated preventive interventions is required. Bundling by ethnic or
racial background, while understandable at the present time, presents the risks of
discrimination as well as missed risk diagnoses. In the future, the identification of
susceptibility gene variants for different populations, along with development of cheaper
and faster testing technologies such as the DNA chip, should permit screening for broader
panels of mutations.

For testing of adults to determine future disease risks, limitations regarding
meaningful education, pretest counseling, and consent for multiplex testing also raise the
level of clinical utility that should be required for screening tests. When full counseling
and informed consent for a particular test are available, an individual has the option to
weigh the test’s risks against the degree and kind of benefits the test may provide.
Different individuals may make different choices based on the degree of medical benefit.
When detailed informed consent for each disorder is not feasible, these types of decisions
are not possible. This raises the bar for the required level of clinical utility of testing to
counter potential harms based on testing results. For inclusion in a multiplex testing
panel, the balance of benefits and risks should be such that most individuals would agree
to testing if they were fully informed.

While late-onset disease panels will generally include susceptibility gene testing,
existing reproductive multiplex screening panels offered to Ashkenazi Jewish individuals
contain tests for single-gene disorders. The necessity of meaningful counseling,
education, and consent for reproductive screening tests also is clear and requires that tests
raise similar issues and implications. Tests might be grouped by type of morbidity (e.g.,
neurodegeneration), by whether they are for disorders with variable ranges of seriousness,
and by whether or to what degree a medical treatment is available.






6

Newborn Screening

Newborn screening was the first population-based screening program in the
United States,! and it is the most widely performed type of genetic testing in the United
States today.? State public health programs screen four million infants per year for a
number of congenital conditions. > Generally, the goal of newborn screening is to detect
infants affected by conditions for which prompt application of confirmed preventive
interventions can prevent or reduce disease, disability, and/or death. Most conditions
tested for are genetic disorders, generally autosomal recessive disorders that result from
the absence of some critical enzyme activity.* An autosomal recessive disorder manifests
when an infant inherits two mutated copies of a single gene, one from each parent;
parents generally have no family history of the disorder.®> States also screen for some
nongenetic disorders, including congenital hypothyroidism and seropositivity for human
immunodeficiency virus (HIV).®

History of Newborn Screening

The first newborn screening test instituted in the United States was for detection
of the metabolic disorder phenylketonuria (PKU).” PKU is caused by the absence of a
specific enzyme that processes a dietary form of an amino acid (a protein building block)

L American Academy of Pediatrics Newborn Screening Task Force (Newborn Screening Task Force),
“Serving the Family from Birth to the Medical Home — Newborn Screening: A Blueprint for the Future,”
Pediatrics 106 (2000): 389.

2 E. H. Hiller, G. Landenburger, and M. R. Natowicz, “Public Participation in Medical Policy Making and
the Status of Consumer Autonomy: The Example of Newborn Screening Programs in the United States,”
American Journal of Public Health 87 (1997): 1280.

% Congenital conditions are conditions existing at birth, which may be of genetic or nongenetic origins. R.
C. King and W. D. Stansfield, A Dictionary of Genetics, 5th ed. (New York: Oxford University Press,
1997), 79.

4 When an infant inherits two mutant copies of a gene that “codes for” a particular enzyme, a deficiency in
that enzyme results. Enzymes are proteins that convert one body substance (a substrate) into another
component (a product). Absence of an enzyme results in an abnormal buildup of one or more substrates
and/or a depletion of products. For further discussion, see Chapter 2, page 40.

5 Carrier parents each have one mutant and one normal copy of the relevant gene. The presence of the
normal gene copy is generally sufficient to prevent any health impairment in carriers. For discussion of
autosomal recessive disorders, see Chapter 1, page 16.

& The causes of congenital hypothyroidism are not clearly defined; in some cases, genetic factors may
contribute. The New York State Newborn Screening Program has tested for HIV seropositivity since 1997.
See page 149, this chapter.

7 See Chapter 2, page 40.



called phenylalanine. Failure to process dietary phenylalanine leads to an abnormal
accumulation in the blood and tissues. Affected infants (approximately 1 in 12,000
births) appear normal at birth but, if untreated, become severely retarded in infancy or
early childhood.®

In the early 1960s, researchers produced a dietary formula for those affected by
PKU containing other protein building blocks but low in phenylalanine.®  Shortly
thereafter, Dr. Robert Guthrie developed a laboratory test to measure blood phenylalanine
levels. Dr. Guthrie also established the procedure for obtaining the newborn specimen on
a piece of filter paper, the “bloodspot” that is still used today. In this procedure, a row of
tiny blood samples is spotted on a filter paper for each infant; they are obtained by a
“heelstick,” a relatively painless and risk-free procedure.*®

In 1963, Massachusetts became the first state to establish a newborn PKU
screening program. Nationally, the National Association of Retarded Children, an
organization of professionals and parents of retarded children, proposed a model law to
promote screening in other states and worked with officials of state public health
departments. By 1975, forty-three states had enacted laws to establish newborn PKU
screening; today all states and many countries outside the United States perform newborn
PKU screening.!

When it was first introduced, both the American Medical Association (AMA) and
the American Academy of Pediatrics (AAP) questioned newborn PKU screening on
several grounds and initially opposed it.'? A major concern was whether the test had
adequate sensitivity (ability to detect all affected infants) and specificity (ability to
exclude all children without the disorder). In fact, during the early years of PKU
screening, some infants with PKU were not identified.™> Others were incorrectly
identified as PKU-positive and treated inappropriately, in some cases causing significant

8 M. R. Natowicz and J. S. Alper, “Genetic Screening: Triumphs, Problems, and Controversies,” Journal of
Public Health Policy 12 (1991): 475, 479.

% See D. B. Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” in National Institutes of
Health-Department of Energy Working Group on Ethical, Legal, and Social Implications of Human
Genome Research Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing in the
United States, ed. N. A. Holtzman and M. S. Watson (Washington, D.C.: National Institutes of Health,
1997) 137, 138.

10 See New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/
newborn/footpix.htm, visited May 27, 1999.

11 Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 138.

12 |bid., 141-143; American Academy of Pediatrics, “Statement on Compulsory Testing of Newborn Infants
for Hereditary Metabolic Disorders,” Pediatrics 39 (1967): 623.

13 See Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 142. The first systematic
review of PKU testing, in 1974, reported that 10 percent of PKU-positive infants were not identified.



harm.!* Even for correctly diagnosed PKU-positive children, questions remained about
the effectiveness of the dietary treatment, the necessary duration of treatment, and the
possibility of harms associated with overtreatment. In 1967, a United States Public
Health Service Collaborative Study for Children Treated for PKU addressed these
questions and established that the diet was adequate for normal growth and reduced the
risk of severe retardation but required early implementation and strict maintenance, at
least throughout childhood.®® The testing problems (unacceptable false positive and false
negative rates) also were addressed.’® Today, PKU screening is widely used and
represents “what many consider an ideal preventive health measure,” preventing mental
retardation in thousands of children.t’

By the 1970s, states had begun to add tests for other disorders to their newborn
screening programs. In response to lessons learned during implementation of PKU
screening, the National Research Council (NRC) urged state legislatures to avoid “ad hoc
responses to pleas for state involvement in the increasing number of conditions for which
screening will become available.”® Others emphasized the necessity of conducting pilot
studies to confirm the value of testing prior to implementation of screening programs.*®
Despite warnings, many states implemented new tests without first establishing their
clinical diagnostic value (clinical validity) and the existence of reliable treatment
interventions for children who tested positive (clinical utility).?® Examples included
screening for histidinemia, a condition that does not cause symptoms or require treatment,
and screening for cystic fibrosis in the absence of any confirmed benefit to the newborn.?
In fact, only a minority of newborn screening tests that are currently performed have been

14 See ibid., 143; Natowicz and Alper, “Triumphs, Problems, and Controversies,” 480; N. Fost, “Ethical
Implications of Screening Asymptomatic Individuals,” FASEB Journal 6 (1992): 2814. While high blood
phenylalanine levels are characteristic of classical PKU, some infants with equally high levels may have
milder or transient clinical syndromes that do not require or respond to treatment.

15 See Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 144, 145. The diet is very
restrictive and requires use of expensive supplements. The study was sponsored by the Children’s Bureau
of the Department of Health and Human Services (how the Maternal and Child Health Bureau).

16 Significant reduction of the test’s high false positive rate was achieved by retesting original screen test
positive infants several weeks later. Dr. Paul Edelson, Columbia University College of Physicians and
Surgeons, Center for Society and Medicine, presentation to the New York State Task Force on Life and the
Law, January 14, 1998. The New York State Newborn Screening Program now performs immediate
retesting of the original bloodspot with a more specific test, eliminating some false positive results without
parental notification or a second visit to the doctor. Dr. Ken Pass, Director of the New York State Newborn
Screening Program, presentation to the New York State Task Force on Life and the Law, April 30, 1999.

17 President’s Commission for the Study of Ethical Problems in Medicine and Biomedical and Behavioral
Research, Screening and Counseling for Genetic Conditions (Washington, D.C.: U.S. Government Printing
Office, 1983), 12-13.

18 Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 147.

19 President’s Commission, Screening and Counseling for Genetic Conditions, 71.

20 For a discussion of clinical validity and utility, see Chapter 2, page 41.

2L N. A. Holtzman, “Editorial: Genetic Screening and Public Health,” American Journal of Public Health
87 (1997): 1275; N. A. Holtzman, “What Drives Neonatal Screening Programs?”” New England Journal of
Medicine 325 (1991): 802, 803. More recently, debate about the clinical benefit of newborn cystic fibrosis
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demonstrated formally to have both clinical validity and utility.?? These include tests to
detect PKU and congenital hypothyroidism, for which immediate intervention can
prevent mental retardation,?® and sickle cell disease, for which prophylactic antibiotic
treatment reduces early childhood mortality.?*

Today, as a result of the Human Genome Project, genetic variations that underlie
inherited disorders and the technology to detect them are expanding rapidly. These
developments will present state screening programs with expanded lists of disorders for
which testing is possible and with new testing methods. In addition to new DNA-based
test development, a use of a technology called tandem mass spectrometry (TMS) is
introducing a “sea change” in newborn screening.?®> TMS can detect twenty-five or more
metabolic disorders from a newborn bloodspot in a single test. The American College of
Medical Genetics (ACMG) estimates that this method could increase identification of
infants affected with congenital metabolic disorders by 50 to 100 percent.?® The
extremely low false positive rates of this method also could reduce costs of confirmatory
follow-up testing.?’

22 Holtzman, “Genetic Screening and Public Health.” See also M. J. Thomason et al., “A Systematic
Review of Evidence for the Appropriateness of Neonatal Screening Programmes for Inborn Errors of
Metabolism,” Journal of Public Health Medicine 20 (1998): 331.
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Pediatrics Committee on Genetics, “Newborn Screening Fact Sheets,” Pediatrics 83 (1989): 449, 454-455.
24 See National Institutes of Health Consensus Conference, “Newborn Screening for Sickle Cell Disease and
Other Hemoglobinopathies,” Journal of the American Medical Association 258 (1987): 1205; see also
Centers for Disease Control and Prevention, “Mortality among Children with Sickle Cell Disease Identified
by Newborn Screening during 1990-1994 — California, Illinois, and New York,” Morbidity and Mortality
Weekly Report 47 (1998): 169.

% H. L. Levy, “Newborn Screening by Tandem Mass Spectrometry: A New Era,” Clinical Chemistry 44
(1998): 2401. For a discussion of TMS, see Chapter 2, page 47.

% American College of Medical Genetics Test and Technology Transfer Committee, “ACMG Statement:
Tandem Mass Spectrometry in Newborn Screening,” 1999.
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methods. See D. H. Chace et al., “Use of Phenylalanine to Tyrosine Ratio Determined by Tandem Mass
Spectrometry to Improve Newborn Screening for Phenylketonuria of Early Discharge Specimens during the
First 24 Hours,” Clinical Chemistry 44 (1998): 2404.



Current Programs and Practice

Overview of State Newborn Screening Programs

The United States has fifty-three newborn screening programs, one in each of the
fifty states, the District of Columbia, Puerto Rico, and the Virgin Islands.?® Most states have
specific legislation that mandates newborn screening programs and provides authority,
generally to the state health department, to add to or delete tests from the program.?® Most
state programs were established independently, and program characteristics and effectiveness
vary widely.

Federal programs have provided both networking and financial support to the state
newborn screening programs. The Maternal and Child Health Bureau (MCHB) of the Health
Resources and Services Administration (HRSA) helped states establish their screening
programs.®® In the 1970s, in response to concerns about quality assurance issues for newborn
screening tests and programs, the Centers for Disease Control and Prevention (CDC)
established the Newborn Screening Quality Assurance Program.3* Also, for almost fifteen
years, the Council of Regional Networks for Genetic Services (CORN), a federally funded
national forum for information exchange about public health genetic services, addressed
newborn screening program issues and produced screening guidelines.®? In 1999, in response
to advancing genetic technologies and new issues in newborn screening, HRSA requested
that the AAP convene a task force (the Newborn Screening Task Force) to develop
multidisciplinary recommendations to advance newborn screening systems, with emphasis
on the role of public health agencies, providers, and families.*

Components of a Screening Program

In 1999, CORN described newborn screening as a “five part preventive health care
system designed to identify and treat selected conditions that would otherwise become
catastrophic health problems.”** These five components, which show considerable overlap,
are: (1) the screening test, (2) follow-up and reporting of positive screening test results, (3)
diagnostic confirmation of a screen-positive newborn, (4) rapid implementation of a medical

28 B, L. Therrell, “Guidelines for Genetic Laboratory Practices: Newborn Screening,” in Genetic Services:
Developing Guidelines for the Public’s Health, proceedings of a conference held in Washington, D.C.,
February 16-17, 1996, 185.
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Policies,” Archives of Adolescent and Pediatric Medicine 151 (1997): 561; L. B. Andrews, State Laws and
Regulations Governing Newborn Screening (Chicago: American Bar Association, 1985), 1-18.

%0 See Council of Regional Networks for Genetics Services, U.S. Newborn Screening System Guidelines 11:
Follow-up of Children, Diagnosis, Management, and Evaluation (Atlanta: CORN, March 1999), 9. See
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L. Therrell et al., “U.S. Newborn Screening System Guidelines: Statement of the Council of Regional
Networks for Genetic Services,” Screening 1 (1992): 135.

33 Newborn Screening Task Force, “A Blueprint for the Future.”

34 Council of Regional Networks for Genetic Services, Follow-up of Children, 11.



intervention and planning for long-term care, and (5) periodic program evaluation to assess
validation of test procedures and for “assessment of the benefit to patient, family, and
society.”®

Screening Tests

Most state programs have assembled their screening test panels over several decades
without formal criteria or processes to guide the addition of new tests.3® All states test for
PKU and hypothyroidism, and most test for sickle cell disease and a variable mix of

additional disorders.®” Most, but not all, programs use centralized testing facilities.®® Some
states authorize the use of designated testing laboratories.

Newborn screening tests in most programs are universal; that is, all newborns are
screened for each disorder. Some programs, however, target screening for
hemoglobinopathies (sickle cell disease and thalassemia) to minority populations that are
perceived to be at higher risk than the general population.®® Some commentators claim that
targeted screening imposes a burden on parents and health care providers to correctly identify
ethnic or racial background and increases the chance of missed diagnoses.*

Follow-up of Presumptive Positive Test Results

Newborn screening tests are designed for maximal sensitivity (detecting every true
positive), often at the expense of specificity (resulting in false positive results).** As a result,

% |bid.

% B. S. Wilfond and K. Nolan, “National Policy Development for the Clinical Application of Genetic
Diagnostic Technologies: Lessons from Cystic Fibrosis,” Journal of the American Medical Association 270
(1993): 2948, 2949.

57 Hiller, Landenberger, and Natowicz, “Public Participation in Medical Policy Making,” 1282. Some
programs may have changed their screening panels subsequent to this survey. For an updated listing, see
Newborn Screening Task Force, “A Blueprint for the Future,” 393. For a description of the disorders
screened for and testing methods and issues, see E. R. Brown, ‘“Metabolic Screening,” Clinics in
Perinatology 25 (1998): 37; see also American Academy of Pediatrics Committee on Genetics, “Newborn
Screening Fact Sheets,” September 1996, American Academy of Pediatrics website: http://www.aap.org/
policy/01565.html, visited February 10, 1999.

3 Newborn Screening Committee, Council of Regional Networks for Genetic Services, National Newborn
Screening Report — 1994, (Atlanta: CORN, 1999), 26.

39 Newborn Screening Task Force, “A Blueprint for the Future,” 392-393; D. Wertz, “Newborn Screening:
State Policies on Testing, Informed Consent, and Public Input,” The Gene Letter (March 1998), website:
http:// www.geneletter.org, visited June 2, 1998.

40 Wertz, “Newborn Screening: State Policies on Testing, Informed Consent, and Public Input.”

41 See C. Kwon and P. M. Farrell, “The Magnitude and Challenge of False-Positive Newborn Screening
Test Results,” Archives of Pediatric and Adolescent Medicine 154 (2000): 714.



samples that test positive in an initial screening test must be retested using a more specific,
and generally more expensive, follow-up test. Accurate and timely follow-up testing is
critical to ensure appropriate identification and treatment of affected infants and to minimize
parental anxiety associated with uncertain or worrisome test results.

In some cases, the screening program may retest the original bloodspot of a
presumptive screen test positive infant using a more specific confirmatory test for the same
disorder. This can spare parents the anxiety associated with notification and follow-up of a
newborn with a false positive result. 1f a new blood sample is required, it is essential that
there be a rapid and reliable method of contacting physicians to ensure prompt testing and
follow-up. Physicians, aided by newborn screening personnel, should be able to explain the
need for follow-up testing to parents without causing unwarranted anxiety.

Diagnosis of Affected Newborns

Commentators agree that newborn screening programs should ensure follow-up of
any positive test result, including prompt diagnostic assessment by appropriate specialty
care providers.*? Programs need to ensure that potentially affected infants are not “lost to
follow-up” when parents do not come in for initial appointments at clinical specialty
centers.*® Programs also should ensure counseling for parents of newborns identified to
have disorders.** Forty-three state screening programs reported that they had statutes,
regulations, and/or policies to specify protocols for follow-up of infants whose screening
tests are positive, but these vary widely.*®

Management of Care

Newborns diagnosed positive for a screened disorder should be referred to
appropriate centers and to providers who can initiate care and develop a long-term care
plan. The Newborn Screening Task Force endorsed the concept of establishing a
“medical home” in which a child receives “accessible, continuous, comprehensive, family
centered, coordinated, and compassionate care”*® from a physician known to the child
and family.*” CORN and the Newborn Screening Task Force both stated that state

42 Therrell et al., “U.S. Newborn Screening Guidelines,” 139, 140; American Academy of Pediatrics,
“Issues in Newborn Screening,” Pediatrics 89 (1992): 345, 347; Council of Regional Networks for Genetic
Services, Follow-up of Children, 15, 31; American College of Medical Genetics, “Principles of Screening:
Subcommittee of the American College of Medical Genetics Clinical Practice Committee” (February 28,
1997), American College of Medical Genetics website: http://www.faseb.org/genetics/acmg/policy/
pol.26.htm, visited February 22, 1999.

43 See, e.g., S. T. Miller et al., “Newborn Screening for Sickle Cell Disease: When Is an Infant Lost to
Follow-up?” American Journal of Diseases of Childhood 144 (1990): 1343.

4 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks: Implications for
Health and Social Policy, ed. L. B. Andrews et al. (Washington, D.C.: National Academy Press, 1994), 6.
4 Hiller, Landenberger, and Natowicz, “Public Participation in Medical Policy Making,” 1281, 1282.

46 American Academy of Pediatrics, Policy Statement RE9262, “The Medical Home,” Pediatrics 90 (1992),
774,

47 Newborn Screening Task Force, “A Blueprint for the Future,” 386, 395.



newborn screening programs should identify appropriate specialty care physicians and
centers.*8

CORN’s guidelines outline appropriate patient management approaches for the
major disorders detected by newborn screening tests. For example, for sickle cell disease,
the guidelines state that treatment to ensure optimal outcome requires the active
involvement of a pediatric hematologist as well as professionals in nursing, social work,
psychology, genetics, education, and counseling. They state that “when such teams are
not available locally, ongoing input from sickle cell experts should be obtained.”*® In
recent years, some commentators have expressed concerns that the changing health care
infrastructure, dominated by managed care plans, has reduced the likelihood that
individuals with sickle cell disease will receive appropriate specialist care.*

Another concern is the financial ability of families with affected children to pay
for long-term medical care, which is often expensive. The Institute of Medicine
Committee on Assessing Genetic Risks (IOM Committee) stated that treatment of
newborns who test positive should be ensured, without regard to ability to pay.>* Others
agree that screening programs bear a responsibility to ensure access to continuous care by
coordination of state referral services and social insurance programs.®? States may
designate affected newborns as eligible for government administered programs. For
metabolic disorders such as PKU, dietary supplements are an expensive and necessary
component of care that is not always covered by insurers.>® Some states require by law
that private insurance companies provide coverage for nutritional supplements for
children with metabolic disorders, but self-funded employer-based benefit plans are not
covered by state insurance mandates.>*  The Newborn Screening Task Force
recommended that states should require that all health plans, including publicly
subsidized managed care plans, provide the services outlined in CORN newborn
screening guidelines.>®

%8 |bid.; Council of Regional Networks for Genetic Services, Follow-up of Children, 57.

49 Council of Regional Networks for Genetic Services, Follow-up of Children, 57.

%0 J. H. Bilenker et al., “The Costs of Children with Sickle Cell Anemia: Preparing for Managed Care,”
Journal of Pediatric Hematology/Oncology 20 (1998): 528; comments by parents and providers at the
Genetics Network of New York, Puerto Rico and the Virgin Islands (GENES) Sickle Cell Advisory
Committee Meeting, New York City, January 26, 2000.

51 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 5-6.

52 See Newborn Screening Task Force, “A Blueprint for the Future,” 395.

58 The PKU dietary formula was originally classified as a drug, and children were generally taken off the
diet by age five or six. In 1972, the formula was reclassified as a food, reportedly causing many insurers to
stop reimbursement for it. Also, persons with PKU were advised to maintain the diet into adulthood. Paul,
“The History of Newborn Phenylketonuria Screening in the U.S.,” 145. See also National PKU News
website: http://www.wolfenet.com, visited May 27, 1999.

54 National PKU News website: http://www.wolfenet.com.

%5 Newborn Screening Task Force, “A Blueprint for the Future,” 394.



Program Evaluation

Evaluation consists of validation of a program’s testing procedures, assessment of
the efficiency of follow-up and intervention, and assessment of the benefit to the patient,
family, and society. This evaluation requires continuous data collection and analysis.
CORN’s guidelines outline essential data that are needed to ensure effective screening
and to promote integration of program data with other data sources, for example, birth
records and treatment center records.®® The evaluation of long-term health outcomes of
newborns identified to have a disorder is one of the most important and difficult
components to evaluate, and it requires input from all program components as well as
community health care providers. Some states maintain long-term follow-up of
individuals identified to have PKU, sickle cell disease, or other disorders.>” It is critical
that data collection and evaluation are subject to appropriate confidentiality protections.
The Newborn Screening Task Force emphasized the responsibility of state programs “to
ensure quality and evaluation program effort” and recommended that federal resources
assist the state programs in these efforts.>

New York State’s Newborn Screening Program

In 1965, New York State enacted legislation establishing newborn screening for
PKU.%® The law also gave the Commissioner of Health discretionary powers to designate
screening for other diseases and conditions. Since 1965, amendments to the law (and/or
regulations)®® have added screening for the following congenital disorders: branched
chain ketonuria, homocystinuria, galactosemia, hemeglobinopathies (including sickle cell
disease),®* hypothyroidism, HIV seropositivity, and biotidinase deficiency.®? The
frequency of affected newborns for each disorder varies, from more than 1 in 500 for HIV
seropositivity to approximately 1 in 225,000 for homocysteinuria.®  Annually, over
250,000 newborns are screened in New York, and over 500 are diagnosed with congenital

% Council of Regional Networks for Genetic Services, Follow-up of Children.

57 See Council of Regional Networks for Genetic Services, National Newborn Screening Report — 1994,
27.

%8 Newborn Screening Task Force, “A Blueprint for the Future,” 387.

%9 N.Y. Pub. Health Law § 2500-a (McKinney 1999).

% New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/newborn/
index.htm, visited January 28, 1999. The law was amended to add new tests (or, in one case, to delete a
test) in 1968, 1975, 1978, 1986, and 1997. Screening for biotidinase deficiency is stipulated by regulations
only. 10 N.Y.C.R.R. § 69-1.2(b)(2000).

81 The law specifies testing for “homozygous sickle cell disease,” but the program also screens for
additional hemoglobinopathies.

62 1n 1997, HIV seropositivity newborn screening was mandated. N.Y. Pub. Health Law § 2500-f
(McKinney 1999). The screening test detects antibodies to HIV, which indicate infant exposure to maternal
HIV infection. About one-quarter of infants who test positive will develop HIV infection and may benefit
from early detection and treatment. New York State Department of Health Wadsworth Center website:
http://www.wadsworth.org/newborn/index.htm, visited January 28, 1999.

8 New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/newborn/
disorders.htm; http://www.wadsworth.org/newborn/annualrpt/nbs97.htm, visited March 31, 1999; http://
www.wadsworth.org/newborn/annualrpt/nbs98.htm, visited May 27, 1999.



disorders, excluding HIV seropositivity.* In recent years, approximately 800 HIV
seropositive infants have been identified annually.5

Screening, Follow-up, and Diagnosis

Newborn blood samples are obtained at hospitals using the bloodspot method
pioneered by Dr. Guthrie in 1962.% Hospitals send the samples to a centralized testing
laboratory at the New York State Department of Health. Before hospital discharge, mothers
receive a form that tells them that their baby has been tested and encourages them to ask their
pediatrician for test results. Samples determined to be positive in the initial screening test
are immediately retested, usually by a different, more specific method. This eliminates
many, but not all, false positive results before physicians and parents are notified. For
example, a confirmatory follow-up for PKU reduces the number of presumptive positive
infants (and number of notified parents) by 80 percent.5’

The program reports results to designated licensed physicians and the hospital of
birth. In addition, the program has implemented an automated, password-protected
telephone system that allows physicians to phone in to confirm receipt of a sample and to
learn the testing status and results.®® For infants presumed positive based on both the initial
screen and the follow-up test, the program requests a repeat specimen and, as appropriate,
directs newborns for clinical evaluation. New York’s Genetics Services Program refers
screen-positive newborns to designated comprehensive genetic service centers for definitive
diagnostic evaluation, regardless of ability to pay. %

Management of Care

The New York State Department of Health ensures the existence of accessible
specialized treatment centers and departmental programs to help families access coverage for
the special health care needs of their children. For example, the Children with Special
Health Care Needs Program helps link families to federal, state, and county-based social

8 New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/newborn/
annualrpt/nbs98.htm.

% Ibid.

% See page 142, this chapter.

7 Dr. Ken Pass, Director of the New York State Newborn Screening Program, presentation to the New
York State Task Force on Life and the Law, April 30, 1999.

% The system uses a toll-free number and is available to New York State-licensed physicians who register
with the New York State Department of Health and obtain a security-protected password. In October 1997,
approximately 6,000 calls were received to obtain 49,000 results. Dr. Ken Pass, Director of the New York
State Newborn Screening Program, presentation to the New York State Task Force on Life and the Law,
January 14, 1998.

810 N.Y.C.R.R. § 69-1.7 (1997).



insurance programs, including Child Health Plus,”® Medicaid, and the Physically
Handicapped Children’s Program.”* The department’s Genetics Services Program and other
partners within the state are working to produce guidelines to ensure that managed care
organizations and their health care providers make appropriate referrals for children with
sickle cell disease to specialty care providers and centers.”

One important component of long-term care for individuals with PKU or other
metabolic disorders is the use of expensive dietary supplements. New York law requires that
health insurance policies that provide coverage for prescription drugs provide coverage of

dietary formulas and supplements essential to nutritional therapy for PKU and related
metabolic disorders.”

Program Evaluation

New York’s Newborn Screening Program produces an annual report containing
data for the number of infants screened, those identified as presumptive positive by
screening, and those confirmed diagnostically to have a disorder.”* The program does not
have any additional formal evaluation process, and there is no systematic follow-up of
newborns who test positive for disorders such as PKU or sickle cell disease. In a 1998
multistate study to assess medical follow-up of infants identified to have sickle cell
disease in 1992 and 1993, New York could confirm ongoing receipt of appropriate care
for less than 40 percent of identified children.”

0 See P. G. Szilagyi et al., “Evaluation of a State Insurance Program for Low-Income Children:
Implications for State Child Health Insurance Programs,” Pediatrics 105 (2000): 363; see also New York
State Department of Health website: http://www.health.state.ny.us/nysdoh/chplus/brochure.htm, visited
November 3, 1999. The program covers a range of preventive and specialized care for children under the
age of nineteen who are uninsured and not eligible for Medicaid. Premiums are subsidized based on family
income. In New York State, more than 435,000 children are enrolled. See also “Commissioner Novello
Leads Child Health Plus Enrollment Day — Governor Pataki’s Commitment to Child Health Plus Makes It
Nation’s Best Program,” http://www.health.state.ny.us/nysdoh/commish/2000/enroll.htm, visited February
25, 2000.

" See New York State Department of Health Resource Directory for Children with Special Health Care
Needs, New York State Department of Health website: http://www.health.state.ny.us/nysdoh/prevent/
special/special.htm, visited February 25, 2000.

2 Telephone interview with Katharine Harris, New York State Department of Health Genetics Services
Program Coordinator, June 11, 1999.

8 N.Y. Insurance Law § 3216 (McKinney 1999). The law specifies coverage for enteral formulas that are
prescribed by a physician or other licensed health care provider for specified disorders. Coverage for
certain metabolic disorders also includes modified solid food products for up to $2,500 per year.

4 See, e.g., New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/
newborn/annualrept/nbsrpt98.htm.

5 K. Pass et al., “Update: Newborn Screening for Sickle Cell Disease — California, Illinois, and New
York, 1998,” Morbidity and Mortality Weekly Report 49, no. 32 (2000): 729.



Newborn Screening Program Issues
Parental Consent to Newborn Screening

In all states except Maryland and Wyoming, parental consent is not required for
newborn screening.”®  Thirty-three programs only permit religious objections to
screening, while seventeen programs allow parental refusal for religious and/or personal
reasons.”’ For states that allow some form of parental refusal, only thirteen require that
parents be informed of screening and provided with educational materials prior to
testing.’

New York does not require parental consent to newborn screening.”® Although
the law allows parental refusal of testing on religious grounds, many parents are not
informed of their right to object.® Although New York’s Newborn Screening Program
produces brochures to inform parents about screening® and the program sends brochures
to hospitals and other institutions of birth for distribution to parents, many parents do not
receive these brochures until after testing has begun.®2

76 Hiller, Landenburger, and Natowicz, “Public Participation in Medical Policy Making,” 1283. Also,
Georgia requires written informed consent only for hemoglobinopathy screening targeted to individuals
based on racial or ethnic groups. In Maryland, the law states that each participant shall be informed of the
nature, costs, benefits, and risks of therapy or maintenance programs available to an affected individual.
Md. Public Health Code Ann. § 13-109 (g)(2)(ii) (1982). In 1999, Massachusetts began using informed
“dissent” for pilot testing of investigational stage newborn screening tests. See page 166, this chapter.

7 Hiller, Landenburger, and Natowicz, “Public Participation in Medical Policy Making,” 128]1.

8 1bid. California, Wisconsin, and the District of Columbia require that parents be given a reasonable
opportunity to object to newborn screening.

® New York regulations also require and do not allow exemptions based on parental objections for two
other prophylactic treatments of newborns performed at hospitals, vitamin K injection and eye prophylaxis.
N.Y.C.R.R. § 12.2 and 405.21 (e)(4)(v)(b). Both treatment measures are recognized as the standard of care
for newborns. American Academy of Pediatrics, Guidelines for Perinatal Care, 4th ed. (Washington, D.C.:
American Academy of Pediatrics, 1997).

8 N.Y. Pub. Health Law § 2500-a(b) (McKinney 1999). The law states that the requirement for screening
“shall not apply in the case of any infant whose parent or guardian is a member of a recognized religious
organization where teachings and tenets are contrary to the testing herein required and who naotifies the
person charged with having such test administered of his objection thereto.”

81 Brochures in English, Spanish, and French are provided to hospitals and other birth institutions and also
are available to consumers on the New York State Department of Health Wadsworth Center website: http://
www.wadsworth.org/newborn/order.htm, visited March 31, 1999.

82 Current regulations require the New York State Department of Health Wadsworth Center to “provide
educational activities and materials” but do not stipulate to whom materials should be provided (10
N.Y.C.R.R. § 69-1.8). Another section of the regulations requires the chief executive officer of the hospital
or institution of birth to see that “the infant’s parent is informed of the purpose and need for newborn
screening and given educational materials provided by the testing laboratory” (10 N.Y.C.R.R. § 69-1.3).



Screening without parental consent has been justified on the basis of the state’s
parens patriae power, which permits the state to intervene to protect children from
substantial and imminent harm.®® Many commentators and policy groups have accepted this
rationale, provided that testing has both demonstrated validity and strong evidence of
benefits to the infants tested.®* In 1997, the Task Force on Genetic Testing of the National
Institutes of Health-Department of Energy Working Group of the Ethical, Legal and Social
Implications of Human Genome Research (the NIH-DOE Task Force on Genetic Testing)
added that parents also must be provided with sufficient information to understand the
reasons for testing.?® One commentator points out, however, that some tests on state
screening panels fall short of the levels of demonstrated clinical validity and utility espoused
by the NIH-DOE Task Force on Genetic Testing.®

Some commentators disagree with state exercise of parens patriae power for
newborn screening. The IOM Committee stated that while it is appropriate to mandate
the offering of newborn screening tests, informed consent should be an integral part of
newborn screening.®”  They noted that informing parents about screening is an
opportunity for public education about genetics and may provide the necessary
understanding and motivation that will be needed for infants requiring follow-up.8-

Some commentators contend that the low population incidence of the disorders
tested for (and low probability that any particular child will test positive) undermines the
rationale for screening without parental consent.®® Also, the Newborn Screening Task
Force noted that overriding parental consent to screening in favor of preventing harms to
the child “does not practically seem to be the basis of the current approach” taken by most
states, since they generally allow for parental refusal under some circumstances.’® They
concluded that although written documentation of parental consent should not be
required, “parents should always be informed of testing and have the opportunity to

8 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 261.

8 R. R. Faden, N. A. Holtzman, and J. Chwalow, “Parental Rights, Child Welfare, and Public Health: The
Case of PKU Screening,” American Journal of Public Health 72 (1982): 1396; President’s Commission,
Screening and Counseling for Genetic Conditions, 6; NIH-DOE Task Force on Genetic Testing, Promoting
Safe and Effective Genetic Testing, 12; Consumers and Providers in the New England Regional Genetics
Group, “Optimizing Genetics Services in a Social, Ethical, and Policy Context,” The Genetic Resource 10,
no. 2 (1996): 29.

8 NIH-DOE Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing, 12.

8 Holtzman, “Genetic Screening and Public Health,” 1275.

87 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 6. The committee
later stated, however, that “mandatory newborn screening should only be undertaken if there is strong
evidence of benefit to the newborn from effective treatment at the earliest possible age (e.g., PKU and
congenital hypothyroidism).” Ibid., 262.

8. 1hid., 262.

8 E. W. Clayton, “Screening and Treatment of Newborns,” Houston Law Review 29 (1992): 85, 134, 146;
G. J. Annas, “Mandatory PKU Screening: Through the Looking Glass,” American Journal of Public Health
72 (1982): 1401. Annas states that the overriding “prevention of harm principle” should not be uncritically
applied in a whole population scenario and that “the screening scenario is quite different from the dying
child scenario.”

% Newborn Screening Task Force, “A Blueprint for the Future,” 410.



refuse testing.”®! They also concluded that documented consent should be required for
investigational tests for which the benefits or potential risks of testing have not been fully
demonstrated.”

Newborn Screening Advisory Committees

The processes and criteria used to revise states’ newborn screening test panels
vary considerably.®® In a 1997 survey of state newborn screening programs, thirty-six
states reported that they had or were establishing an advisory committee for periodic
review of their screening test panels.** The committees vary in whether they have policy-
making authority or serve only in an advisory capacity. Committee composition also
varies; some, but not all, include community representatives who are not health
professionals. A minority of states reported that they convene advisory groups on an ad
hoc basis or engage consultants as needed.® Fifteen states reported using institutional
review boards (IRBs) to review activities associated with the newborn screening program,
such as establishment of pilot programs for new tests. New York’s Newborn Screening
Program does not have a formal process to consider changes to the screening test panel
and does not utilize an IRB or a formal advisory panel to consider the addition of new
tests, although the program is reportedly considering establishment of such processes.*®

The IOM Committee concluded that, historically, new tests have been added to
state newborn screening panels without careful assessment of benefits and risks, often
without the review of IRBs or other advisory groups.®” Others state that the composition
of screening test panels have not been determined rationally and are overly subject to the
views of individual program personnel, other professionals, and advocacy groups.®® To
address this concern, the IOM Committee recommended that states form broadly
representative, independent advisory bodies to guide health departments and legislatures
on issues such as when new tests should be added and to ensure adequate counseling,
education, and program evaluation.®® The Newborn Screening Task Force and others

% Ibid., 411.

% |bid.

9 See page 145, this chapter.

% Hiller, Landenberger, and Natowicz, “Public Participation in Medical Policy Making,” 1283. In thirteen
of these states, the advisory committees are required by law or regulation.

% Ibid. Seven states reported use of ad hoc committees, and five states reported use of consultants.

% Dr. Kenneth Pass, Director of the New York State Newborn Screening Program, June 4, 2000, personal
communication.

9 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 66-67.

% See, e.g., Holtzman, “What Drives Neonatal Screening Programs?” 802, 803; Wilfond and Nolan,
“Lessons from Cystic Fibrosis,” 2948, 2949.

% Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 5, 294; American
College of Medical Genetics, “Principles of Screening.”



have also recommended that each state should establish a newborn screening advisory
committee, %

Many commentators emphasize the importance of community representation in
advisory bodies, noting that consumers are qualified to contribute to the nontechnical
aspects of decisions and are the ones who bear the risks, as well as benefits, of screening
programs, 1ot

Financing of Newborn Screening

CORN stated that program funding is the most difficult problem facing newborn
screening programs.'® In one survey of newborn screening programs, a chief obstacle to
the addition of new screening tests to state panels was limited financial resources.®®
Programs vary in funding sources and covered activities. About 75 percent of newborn
screening programs are funded through a fee-for-service, charging fees to patients,
physicians, hospitals, or third-party payers.® Testing fees generally cover laboratory
testing and program administration, and some also cover follow-up and diagnosis of
newborns with positive screening test results.’® The Newborn Screening Task Force
stated that newborn screening fees and, if necessary, other public health funds should be
used to ensure adequate funding for laboratory testing, diagnosis, and short-term follow-
up of newborns.1%®

New York’s Newborn Screening Program does not charge a screening fee.!%” The
program uses state and federal funds but, in recent years, has lacked adequate funds to
implement new screening tests, including testing to detect congenital adrenal hyperplasia,
a disorder affecting 1 in 12,000 newborns for which established preventive interventions

10 Newborn Screening Task Force, “A Blueprint for the Future,” 411; Therrell et al., “U.S. Newborn
Screening System Guidelines,” 137; Hiller, Landenberger, and Natowicz, “Public Participation in Medical
Policy Making,” 1288; Stoddard and Farrell, “State-to-State Variations,” 561, 564; Wilfond and Nolan,
“Lessons from Cystic Fibrosis,” 2592—-2593.

101 Council of Regional Networks for Genetic Services, Newborn Screening System Guidelines (Phoenix:
Council of Regional Networks for Genetic Services, 1990); Newborn Screening Task Force, “A Blueprint
for the Future,” 411; Hiller, Landenberger, and Natowicz, “Public Participation in Medical Policy Making,”
1280-1283. For example, five of eleven voting members of the Maryland State Advisory Council on
Hereditary and Congenital Disorders must not be health care providers or associated with health care
institutions.

102 Therrell et al., “U.S. Newborn Screening System Guidelines,” 143.

103 Stoddard and Farrell, “State-to-State Variations,” 562.

104 Therrell, “Guidelines for Genetic Laboratory Practices,” 185; see also Council of Regional Networks for
Genetic Services, National Newborn Screening Report — 1994, 29. In 1994, 39 programs charged fees,
ranging from $10 to $59; the majority of program fees were $25 or less. See also Newborn Screening Task
Force, “A Blueprint for the Future,” 420-421.

105 Council of Regional Networks for Genetic Services and Great Lakes Regional Genetics Group, An
Overview of Newborn Screening Programs in the United States, Canada, Puerto Rico and the Virgin
Islands (Atlanta: CORN, 1996), 2-3.

106 Newborn Screening Task Force, “A Blueprint for the Future,” 422.

197 New York State Department of Health Wadsworth Center website: http://www.wadsworth.org/newborn/
babhealth.htm, visited January 28, 1999.



exist.1® In May 2000, a state budget directive allocated $5 million to the Newborn
Screening Program.*0°

Storage and Research Use of Newborn Blood Samples

After completion of the screening tests, residual sample material usually remains.
Some programs destroy residual samples within a year of testing, but others retain
samples for longer periods, in some cases for decades.!!® Samples are retained for
different reasons, including legal accountability, laboratory quality control, and
epidemiologic research to benefit the public health.!'! Newborn screening programs
receive requests for both identified and anonymized bloodspots for research from within
and outside the health agency.''?> The development of polymerase chain reaction (PCR)
technology, allowing up to hundreds of genetics tests from individual stored newborn
bloodspots, has contributed to program retention of samples for research purposes.!®® In
addition to storing identified samples, some programs also anonymize samples by
stripping identifying information and retain them in this form. CORN and the Newborn
Screening Task Force recommended that programs define the rationale for retaining
identified and anonymized samples and promulgate rules for sample retention and use.'*

Newborn bloodspot collections provide a potentially valuable research resource of
identified, coded, or anonymized samples.!’®> However, as with research use of other
samples obtained in the clinical context, research use of these samples raises concerns
about confidentiality protections for sample sources and about group harms to, for
example, racial and ethnic groups who are the subject of the research.!!® Some claim that
ethical concerns about the use of newborn samples may be greater than for other samples

108 Dr, Ken Pass, Director of the New York State Newborn Screening Program, personal communication.
The disorder results in ambiguity of sexual genitalia and risk of sudden death and is treated by
administration of steroid hormones. See Thomason et al., “A Systematic Review of Evidence for the
Appropriateness of Neonatal Screening Programmes,” 338; American Academy of Pediatrics, “Newborn
Screening Fact Sheets,” 1996.

109 New York State Governor’s Budgetary Directive, S. 6404-B, enacted May 15, 2000.

110 B, L. Therrell et al., “Guidelines for the Retention, Storage, and Use of Residual Dried Blood Spot
Samples after Newborn Screening Analysis: Statement of the Council of Regional Networks for Genetic
Services,” Biochemical and Molecular Medicine 57 (1996): 116, 117; see also Newborn Screening Task
Force, “A Blueprint for the Future,” 414-415.

111 For a discussion of epidemiologic research, see Chapter 11, page 314.

112 programs receive requests for sample collections and for individual identified samples, e.g., in cases
where an infant dies of sudden infant death syndrome. Therrell et al., “Guidelines for the Retention,
Storage, and Use of Residual Dried Bloodspot Samples,” 122.

113 For discussion of PCR, see Chapter 2, page 34.

114 Therrell et al., “Guidelines for the Retention, Storage, and Use of Residual Dried Bloodspot Samples,”
122; Newborn Screening Task Force, “A Blueprint for the Future,” 415, 417.

115 For a discussion of identified, coded, and anonymized samples, see Chapter 7, page 194.

116 See Chapter 7, page 196; see also page 164, this chapter.



because mandatory screening programs collect them “as a matter of law.”!” Potential
research use of these samples raises questions about the need for IRB review of research
protocols and about whether programs should notify, or seek informed consent from,
parents of newborns.

Several policy and professional groups have considered these questions. The IOM
Committee recommended that newborn bloodspots should be made available for research
“only if identifiers have been removed.”'!® They also recommended that all research
protocols using newborn bloodspots be approved by an IRB.!° CORN stated that
“anonymity appears t0 negate the need for obtaining parental consent since no possible
physical or psychological harm to the parents or child could result and because the sample
can provide population data that is important in public health studies.”*?° They also noted
that these samples are “limited and finite” and that requests for sample use should be
limited to research that contributes to public or family health.*?! The Newborn Screening
Task Force agreed that parental written consent for use of anonymized bloodspots should
not be required for research that is “consistent with the goals of newborn screening.”??
However, they recommended that parents be informed about the potential use of residual
anonymized bloodspots for quality assurance or epidemiologic research.!? They also
stated that protocols for the use of unidentified samples need not be submitted for IRB
review.1

Commentators also have discussed criteria for use of identified newborn samples
for research. The Newborn Screening Task Force stated that researchers requesting
identified and coded samples should show that use of anonymized samples will not
suffice, that newborn samples are the optimal tissue source for the research, and that
acceptable samples from consenting adults are not available.!?® They also stipulated
requirements for IRB approval of the research protocol and informed consent of
parents.!® They added that “in accordance with current federal regulations regarding
research involving children, use of such samples for research, that poses more than
minimal risk, should be limited to activities that benefit the child or that are important to
understanding a condition affecting children.”'?’

117 Newborn Screening Task Force, “A Blueprint for the Future,” 415.

118 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 6.
119 1pid.

120 Therrell et al., “Guidelines for the Retention, Storage, and Use of Residual Dried Bloodspot Samples,”
122.
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New York’s program has no formal policy for the retention of identified newborn
bloodspots. In practice, samples are generally retained for six to nine months.'?® The
New York State Department of Health has established a molecular genetic epidemiology
laboratory that uses some residual bloodspots for public health research.'?® For use of
identified or coded samples, limited to research within the department, the program
recontacts parents for informed consent and requires IRB review.®*° In some cases, the
Newborn Screening Program also provides anonymized samples for researchers outside
the New York State Department of Health.*3!

Disclosure of Carrier Status

Hemoglobinopathy screening detects not only homozygous, affected infants. It
also detects an additional forty-fold newborns that are healthy carriers of a single mutant
beta globin gene.’®?> The information is not of direct benefit to the infant but can alert
parents to their future reproductive risk.®*®* Some programs provide carrier status
information to providers and parents, while others do not. In New York’s program, when
hemoglobinopathy testing identifies carrier status in healthy infants, these results are
reported to physicians. The physician has an opportunity to counsel parents about the
infant’s carrier status and its implications for the parents’ future reproductive plans.
However, at specialized care centers and state-supported genetic service providers,*®*
where approximately 3,000 of 10,000 carrier infants identified annually are seen,
physicians are required to counsel parents about their child’s carrier status.'®

The IOM Committee stated that newborn screening should not be performed for
the purpose of detecting carrier status.’®® They concluded that when a newborn’s carrier
status is discovered as a by-product of a test to detect the disorder, it is not clear whether
the benefits of informing parents about the infant’s carrier status outweigh the risks.
They suggested that the availability of adequate counseling services to help parents
understand test results might be an important factor in resolving this dilemma.’*” CORN

128 Dr, Ken Pass, Director of the New York State Newborn Screening Program, presentation to the New
York State Task Force on Life and the Law, April 30, 1999.

129 |bid. Disease-associated gene variants tested for include those associated with sickle cell disease and
hemochromotosis.

130 Dr. Ken Pass, Director of the New York State Newborn Screening Program, personal communication.

131 |bid.

132 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 67; see also
Chapter 5, page 114.

133 |nstitute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 67—70.

134 See page 150, this chapter.

135 Dr. Ken Pass, Director of the New York State Newborn Screening Program, presentation to the New
York State Task Force on Life and the Law, January 14, 1998, and personal communication.
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guidelines recommend that a mechanism should be in place to notify parents about their
newborn’s carrier status and its meanings.’*® One commentator agrees, stating that “to
ignore carriers is to miss undetected sickle cell disease in other members of the family or
their future children.”*3°

Future newborn screening panels may include additional tests, for example, cystic
fibrosis testing, that also incidentally disclose carrier status.1*® Some opine that it may
not be feasible, based on costs and limited resources, to notify and counsel parents about
these results.#

Benefits and Risks of Newborn Screening

Benefits of Newborn Screening
Reduced Morbidity and Mortality

For some genetic conditions detectable by newborn screening, the benefits of reduced
morbidity and mortality of identified infants are clear. For example, dietary therapy for
infants with PKU can prevent the progress to severe mental retardation that would otherwise
develop.*? For infants identified as hypothyroid, administration of thyroid hormone can
prevent severe retardation and other symptoms.!** For children with sickle cell disease,
prophylactic antibiotic therapy significantly reduces the incidence of life-threatening
infections. 44

Alerting Parents to Future Reproductive Risks

Another potential, but indirect, benefit exists for some newborn tests — the
information that a newborn has a disorder resulting from inheritance of paired mutant genes
from both parents or is a healthy carrier of a single recessive gene mutation (e.g., for sickle
cell disease) may alert parents to future reproductive risks.** This information provides no
immediate benefit to tested infants, but it may lead couples to undergo counseling and carrier

138 Council of Regional Networks for Genetic Services, Guidelines for Follow-up of Carriers of
Hemoglobin Variants Detected by Newborn Screening (Atlanta: CORN, 1995).

139 J. E. Bowman, “Genetics and African Americans,” Seton Hall Law Review 27 (1997): 919, 934.

140 See E. R. B. McCabe and L. L. McCabe, “State-of-the-Art Technology in Newborn Screening,” Acta
Pediatrics 432 suppl. (1999): 58.

141 Qee, e.g., B. Wilfond and N. Frost, “The Cystic Fibrosis Gene: Medical and Social Implications for
Heterozygote Detection,” Journal of the American Medical Association 263 (1990): 2777.

142 Natowicz and Alper, “Triumphs, Problems, and Controversies,” 479.

143 American Association of Pediatrics, “Newborn Screening Fact Sheets,” 454.

144 Based on data that established this benefit, a national panel recommended universal newborn screening
for sickle cell disease. National Institutes of Health Consensus Conference, “Newborn Screening for Sickle
Cell Disease,” 1205.

145 Carriers for autosomal recessive genes are themselves healthy. For these disorders to manifest, an
individual must inherit two mutant gene copies, one from each parent. See Chapter 1, page 16.



testing to help them make future reproductive decisions.!*® The value of this benefit,

however, is uncertain.!*’ For example, one research study for cystic fibrosis screening
showed that for most families, receipt of a positive newborn test result did not influence
future reproductive decisions.**®

Psychosocial Benefits

Some commentators suggest that even in the absence of a useful medical
intervention, newborn screening for early diagnosis of genetic disorders that manifest later in
childhood can provide psychosocial benefits. These commentators state that early diagnoses
may relieve parental anxieties associated with initial and sometimes confusing onset of
symptoms, prepare parents to make practical decisions about life with a disabled child, and
allow parents to take advantage of newly developed interventions.**® In some programs, this
putative benefit, along with the benefit of alerting parents to their future reproductive risks,
provided the rationale for newborn screening for Duchenne muscular dystrophy,**° a
muscular degenerative condition, and cystic fibrosis.*®

Cost-Benefit for Society
States generally consider the societal costs and benefits of a particular screening test

as one factor in decisions about whether the test should be performed. Some commentators
point to societal cost savings as a primary factor in the drive for PKU screening.’®? A cost-

146 See page 157, this chapter. If both parents are carriers, subsequent pregnancies carry a one in four risk
for the disorder.

147 See, e.g., Chapter 5, page 115.

148 E. H. Mischler et al., “Cystic Fibrosis Newborn Screening: Impact on Reproductive Behavior and
Implications for Genetic Counseling,” Pediatrics 102 (1998): 44, 46—47. In thirty-one families in which
cystic fibrosis was diagnosed in the first child, forty-three subsequent pregnancies were reported. Prenatal
diagnosis was used in nine pregnancies and three fetuses were determined to have cystic fibrosis; all were
carried to term. Only five couples reported decisions to have no future children based on cystic fibrosis
diagnosis of their first child. Other studies, however, have shown different results. See Chapter 5, page
119.

149 American Academy of Pediatrics, “Newborn Screening Fact Sheets,” 452—454; P. D. Phelan, “Neonatal
Screening for Cystic Fibrosis,” Thorax 50 (1995): 705; see also Clayton, “Screening and Treatment of
Newborns,” 102-103.

150 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 261; A.
Drousiotou et al., “Neonatal Screening for Duchenne Muscular Dystrophy: A Novel Semiquantitative
Application of the Bioluminescence Test for Creatine Kinase in a Pilot National Program in Cyprus,”
Genetic Testing 2 (1998): 55, 56.

151 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 66. Some states
began screening for cystic fibrosis as early as 1982, in the absence of any clear benefit to the newborn.
More recent research may provide evidence that early nutritional intervention may benefit newborns
diagnosed with cystic fibrosis. See also page 143, this chapter.

152 Clayton, “Screening and Treatment of Newborns,” 128-130; Holtzman, “What Drives Newborn
Screening?” 804.



benefit analysis compares the monetary and nonmonetary costs of early disease detection and
intervention with the costs incurred by late diagnosis.’® PKU screening provides an
example of how newborn screening can save costs for society. The cost of screening is much
less than the costs of treating and supporting affected patients, many of whom previously
required long-term institutionalization.’®  Cost-benefit analysis, however, ignores the
distribution of costs (e.g., whether dietary supplement costs are supported by families,
insurers, or the state) and does not consider indirect and intangible harms.**®

Risks of Newborn Screening
Limited Test Validity

The clinical validity of some newborn screening tests, that is, the positive and
negative predictive value of a test result, has not been established by clinical trials.>®
Some commentators argue that while many tests appear to provide benefits, formal
confirmation of validity by pilot testing is critical, especially when parents are not given
an opportunity to object to screening.®” One commentator has noted that political factors
and zeal, combined with incomplete technical understanding and limited experimental
data, can obscure critical thinking in this area.’®® The history of the early implementation
of newborn PKU screening provides a cautionary model — some affected children were
not detected, and other children were falsely identified as PKU positive.'® Even for
validated tests, inadequate test performance in the testing laboratory may generate
incorrect test results.*®® In cases where affected children are not detected by newborn
screening, the very existence of screening programs may decrease physician vigilance for
clinically symptomatic patients.®*

Limited Test Utility
The IOM Committee recommended that state newborn screening should be

limited to disorders for which beneficial treatment is available.’®> More recently, the
NIH-DOE Task Force on Genetic Testing stated that newborn testing without parental

153 For discussion on uses and limits of cost-benefit analysis in policy decisions for genetic testing, see
Clayton, “Screening and Treatment of Newborns,” 128—129; see also New England Regional Genetics
Group, “Optimizing Genetics Services,” 60—61.

154 Natowicz and Alper, “Triumphs, Problems, and Controversies,” 479.

155 Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 148. Intangible and indirect
costs include costs associated with false positive results and risks associated with maternal PKU. See page
163, this chapter.

1% Holtzman, “Genetic Screening and Public Health,” 1275. For a definition of clinical validity, see
Chapter 2, page 41.

157 President’s Commission, Screening and Counseling for Genetic Conditions, 8; Brown, “Metabolic
Screening,” 1998.

158 N. Fost, “Ethical Implications,” 2814.

159 See page 142, this chapter.
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consent should be performed only if safe and effective clinical interventions are available
to infants who test positive.’® Some states, however, have implemented tests in the
absence of clinical interventions. For example, newborn screening for sickle cell disease
was performed by many states in the 1970s, before the efficacy of prophylactic antibiotic
therapy was established.’®* Some states implemented screening for cystic fibrosis, often
not diagnosed until several years after birth, in the absence of established medical
interventions.’®® More recent data suggest that genetic screening diagnosis of cystic
fibrosis at birth and implementation of nutritional therapy may significantly improve
long-term health,® but some remain unconvinced and cite potential health risks that may
be indirectly associated with treatment.'®” For other disorders, mandated testing was
withdrawn when data showed that the conditions did not require treatment. %8

Others also have commented on the inappropriateness of newborn screening for
conditions for which interventions are only partially effective.’®® For example, some
claim that newborn screening for branched chain ketonuria (also called maple syrup urine
disease because of the smell of the urine of affected children) allows intervention only at
a point when significant physiological damage has already occurred; diagnosis by
newborn screening prevents death, but not lifelong disability.!® The IOM Committee
stated that such interventions of equivocal benefit may present parents with “quandaries

163 NIH-DOE Task Force on Genetic Testing, Promoting Safe and Effective Genetic Testing, 12.

164 In some population-based sickle cell screening programs in the 1970s, testing resulted in significant
harms to some individuals identified as carriers. For a discussion, see Chapter 5, page 114. R. Murray,
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www.geneletter.org, visited January 29, 1998.
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Programs?” 802, 803.
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167 Dr. Norman Fost, Department of Pediatrics, University of Wisconsin, presentation to the New York
State Task Force on Life and the Law, January 14, 1998. See also Centers for Disease Control and
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about whether to treat or not to treat.”'’* Another committee stated that in such cases,
“families may prefer not to receive the information.”*"?

Disruption of Family Relationships
Parental Anxiety and Misperceptions

One potential risk of newborn screening is the generation of parental anxiety.
Many preliminary screening tests are designed to screen a population quickly and
inexpensively and may generate false positives that require more accurate follow-up.1’®
Notification of the primary screening test result may cause considerable anxiety to parents
of a healthy child and may interfere with the developing parent-child relationship.
Studies of the effect of false positive diagnoses for congenital hypothyroidism!’* and
cystic fibrosis!™ showed significant and long-lasting effects on parental perceptions.
Because of these potentially adverse effects, the IOM Committee stated that “accurate and
timely confirmatory tests” are essential to newborn screening programs.*’®

Hemoglobinopathy testing incidentally discloses newborn carrier status.t’’
Carrier status generally has no affect on a child’s health, but parental notification may
result in misperceptions, even after extensive counseling.!’® This can cause anxiety,
overprotectiveness, destabilization of tenuous parental relationships, or social
stigmatization.”®

Misattributed Paternity
An additional risk arises when parents of a child identified to have a disorder or

carrier status seek follow-up reproductive carrier testing. Parental testing may
inadvertently reveal that the putative father of the child is not the biological father.&

171 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 263. As of 1997,
twenty-two states (including New York) screened for the disorder. Hiller, Landenburger, and Natowicz,
“Public Participation in Medical Policy Making,” 1282.
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false positive screen test results for every true positive result.
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15 A. Tluczec et al., “Parent’s Knowledge of Neonatal Screening and Response to False Positive Cystic
Fibrosis Testing,” Journal of Developmental and Behavioral Pediatrics 13 (1992): 181; see also Mischler
et al., “Cystic Fibrosis Newborn Screening,” 50.
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State Task Force on Life and the Law, January 14, 1998; Institute of Medicine Committee on Assessing
Genetic Risks, Assessing Genetic Risks, 262.

19 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 262; also
Clayton, “Screening and Treatment of Newborns,” 103.

180 See Chapter 3, page 73; Chapter 4, page 100.



This risk is generally under-appreciated, but anecdotal accounts demonstrate its
potentially disastrous effects.!® The identification of mispaternity in this context, unlike
in the context of screening parents for tissue or organ donation, cannot easily be withheld
from parents because the findings are central to the future decision making for which the
testing is performed. Considering the benefits and risks, a 1983 presidential commission
on genetic screening and counseling recommended that misattributed paternity should be
disclosed with appropriate counseling.!#2 By contrast, the IOM Committee recommended
that information about misattributed paternity should not be volunteered to the putative
father.183

Risks to Future Children of Individuals Identified by Newborn Screening

As a result of newborn screening for PKU in the United States, there are now
approximately 3,000 women of reproductive age who have PKU.'# Children of PKU-
positive women are not at significant risk for PKU because of the low chance that a
woman’s partner will be a PKU carrier.!®® However, these children are at high risk for
mental retardation and other congenital defects if their mothers do not strictly adhere to
PKU dietary restrictions during pregnancy.®

For women with PKU, one commentator described the dietary efforts required to
maintain a safe pregnancy as “awesome.”®” A study begun in 1984 to assess over 400
pregnancy outcomes for women with PKU found few well-controlled pregnancies,
leading some commentators to remark that all the social benefits of screening may be

18LE. T. Juengst, “Caught in the Middle Again: Ethical Considerations in Genetic Testing for Health Risks,”
Genetic Testing 1 (1998): 189, 194.

182 President’s Commission, Screening and Counseling, 59-62; the Commission noted that in some
situations, circumstances may preclude full disclosure.

183 |nstitute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 6, 163.

184 American College of Obstetricians and Gynecologists News Release, “ACOG Advises a Restricted
Preconception Diet for Women with PKU,” American College of Obstetricians and Gynecologists website:
http://www.acog.org/from_home/publications/press_releases/nr12-31-99.htm, visited January 4, 2000.

18 The chance that a child with a PKU mother will inherit a PKU allele from both parents is 1 in 120.
American College of Obstetricians and Gynecologists Committee on Genetics, Maternal Phenylketonuria,
“Committee Opinion 230 (Washington, D.C.: January, 2000). See also Paul, “The History of Newborn
Phenylketonuria Screening in the U.S.,” 137, 146.

18 Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 137, 146. Children born to
mothers with PKU who do not maintain strict dietary control during pregnancy are at over 90 percent risk of
retardation and 12 to 15 percent risk for other congenital birth defects, resulting from exposure to high
maternal blood phenylalanine levels during pregnancy. See also S. E. Waisbren et al., “Outcome at Age
Four Years in Offspring of Women with Maternal Phenylketonuria: The Maternal PKU Collaborative
Study,” Journal of the American Medical Association 283 (2000): 756.

187 C. R. Scriver, “The Hyperphenylanemias of Man and Mouse,” Annual Review of Genetics 28 (1994):
144,



neutralized by adverse birth outcomes in the next generation.'®® The AAP Committee on
Genetics recommends that “maintaining contact with women of childbearing age affected
with PKU is extremely important.”*®® A committee opinion of the American College of
Obstetricians and Gynecologists (ACOG) also emphasizes the importance of
preconception counseling and pregnancy management of PKU women by specialty
centers and care providers.%

Risks Associated with Research Use of Newborn Blood Samples

Some state public health agencies use residual newborn bloodspots for
epidemiologic research, such as research to determine the prevalence of particular
disease-associated gene mutations in regional and ethnic populations.!® If sample
identifiers are retained, there is a potential risk of discrimination against the research
subjects because of possible disclosure of genetic information about individuals to third
parties.!®> Some also have argued that use of anonymized samples for genetic research
still poses harms to individuals in certain ethnic or racial groups that may be subject to
stigma as a result of misuse of research results.'%

New Technologies and Tests: Opportunities and Challenges

The Human Genome Project presents both opportunities and challenges to state
newborn screening programs. The decades-old warning of the NRC that states must
exercise caution and restraint in the composition of newborn screening panels while faced
with “the increasing number of conditions for which screening will become available” is
relevant again.!®* Several policy groups and other commentators have affirmed the value
of state newborn screening programs but have called on programs to address certain key
issues to ensure fair, safe, and efficacious testing.'®®

Emerging testing technologies, such as DNA chip technology and TMS, may
present both opportunities and challenges to state program infrastructure and
administration. For example, the high instrumentation and operation costs of TMS may

188 Paul, “The History of Newborn Phenylketonuria Screening in the U.S.,” 146.
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194 See page 143, this chapter.
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make it too expensive for some programs.® Since the adoption of TMS-based screening
tests by a few states, press reports have highlighted state-by-state disparities and the
potential effect on identifiable newborns who have either received or been denied the
benefits of screening.!®" This has prompted some to question why certain screening tests
are performed in other states but not their own. A potential solution would be for state
health departments to form partnerships among themselves or with academic or
commercial testing laboratories.!®  For example, one commercial genetic testing
laboratory that has pioneered the use of TMS for automated, high-volume newborn
screening for “more than thirty clinically significant and manageable diseases that affect
newborns” contracts testing from some states and other countries.®

A key challenge will be to establish criteria and develop processes by which tests
are added (and deleted) from a state’s newborn screening panel. Some commentators
opine that programs must move from the traditional, extemporaneous model to an
evidentiary model that uses formal criteria and processes.?®® There is general agreement
on some key issues. For example, most agree that testing only should be performed for
the immediate and direct benefit of the newborn and that potential reproductive and/or
psychosocial benefits to the parents do not in themselves justify newborn screening.?
Most also advocate universal screening instead of targeted screening of special

1% See Levy, “Tandem Mass Spectometry: A New Era,” 2402; L. Sweetman, “Newborn Screening by
Tandem Mass Spectrometry (MS-MS),” Clinical Chemistry 42 (1996): 345, 346. Sweetman notes,
however, that the cost of equipment is decreasing as new instruments are developed.
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Al; C. Ghosh, “Medical Breakdown,” Forbes, May 29, 2000, at Forbes website: http://www.forbes.com/
forbes/00/0529/6513174a.htm, visited June 2, 2000.
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Challenges of Genetics and Public Health: State Perspectives on Program Activities — North Carolina,”
presentation at the First Annual Conference on Genetics and Public Health, Atlanta, May 1998. See also
Ghosh, “Medical Breakdown.”

200 Wilfond and Nolan, “Lessons from Cystic Fibrosis,” 2950; Holtzman, “What Drives Neonatal Screening
Programs?” 804; see also Centers for Disease Control and Prevention, “Newborn Screening for Cystic
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that screening for the purpose of identifying parental reproductive risks was appropriate if the intention is
communicated to parents and their written consent is obtained. NIH-DOE Task Force for Genetic Testing,
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populations.?%? Established clinical validity of a test is another criterion; a test must be
adequately sensitive (detect true positives) and specific (exclude false positives);
programs must specify what levels are acceptable.?> On other issues, however, there is
less agreement. For example, should the disorder screened for have a specified degree of
severity? Should genetic newborn screening tests be performed only for single-gene
disorders, for which clinical predictive value is virtually 100 percent? Who should be
making the decisions about state programs, and what authority and resources are available
to make recommended changes?

Some groups, including the Newborn Screening Task Force?® and some state
programs, have outlined criteria for screening tests, and a few states have revamped their
newborn screening panels. In the early 1990s, Wisconsin altered its legislation for
newborn screening, striking the names of specific tests to be included in the newborn
panel and replacing them with statutory language that authorizes “blood tests for
congenital and metabolic disorders as specified by the department.”?® The Wisconsin
Department of Health and Human Services promulgated new regulations and formed a
newborn screening advisory group. A subcommittee of the advisory group specified the
following formal criteria for inclusion of a test in the newborn screening panel: (1)
disease incidence at least 1/100,000, (2) demonstrated reduction in morbidity and
mortality, (3) potential for effective therapy, (4) costs comparable to those for established
tests such as PKU, and (5) laboratory feasibility. 2°° Based on these criteria, Wisconsin
deleted testing for branched chain ketonuria and homocysteinuria and added tests for
biotidinase deficiency, congenital adrenal hyperplasia, and cystic fibrosis.?’

More recently, the Commissioner of the Massachusetts Department of Public
Health convened an advisory committee to consider testing criteria, review its established
mandatory screening panel, and consider new tests and testing technology.?®® The new
tests considered were cystic fibrosis testing and testing for twenty additional metabolic
disorders that are detectable by TMS. The committee decided that only one metabolic
disorder, MCADD (medium chain acyl CoA dehydrogenase deficiency),?®® met the

202 National Institutes of Health Consensus Conference, “Newborn Screening for Sickle Cell Disease,”
1206.

203 NIH-DOE Task Force for Genetic Testing, Promoting Safe and Effective Genetic Testing, 12; Holtzman,
“Genetic Screening and Public Health,” 1275.

204 Newborn Screening Task Force, “A Blueprint for the Future,” 394.

205 Stoddard and P. M. Farrell, “State to State Variations in Newborn Screening Policies,” 563.
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207 Two of the tests deleted, branched chain ketonuria and homocysteinuria, are included in New York’s
screening panel, and two added tests, congenital adrenal hyperplasia and cystic fibrosis, are not.

208 «“Mass. May Increase Infants’ Genetic Tests,” American Medical News, May 18, 1998, 13. Telephone
interview with Dr. Anne Marie Comeau, Deputy Director, New England Newborn Screening Program of
University of Massachusetts Medical School, October 5, 1999. The new testing technology considered was
tandem mass spectrometry.

29 See “Fact Sheet: MCAD Deficiency,” HuGE Net website: http://www.cdc.gov/genetics/hugenet/
factsheets/fmcad.htm, visited June 20, 2000.



criteria for inclusion in the mandatory screening panel.?’® The committee also
recommended the implementation of two pilot screening programs, one for cystic fibrosis
testing and the other a multiplex TMS analysis to detect nineteen metabolic disorders.?!!
The pilot studies, initiated in February 1999, require IRB approval; they also require that
parents be informed about the tests and given the opportunity to refuse.?'?

Conclusions and Recommendations
Basic Requirements for Newborn Screening Tests

New York’s Newborn Screening Program panel should be restricted
to tests that detect congenital disorders characterized by serious and
irreparable harm that can be avoided or minimized only by prompt
application of confirmed medical interventions. The analytical and
clinical validity of the screening tests also must be confirmed.

New York’s Newborn Screening Program test panel should include only tests that
provide an established and direct medical benefit to newborns and for which prompt
medical intervention is needed to prevent or minimize symptoms associated with the
disorder the test is designed to detect. To justify its use of parens patriae power to
prevent clear harm to infants, the state’s newborn screening program should not include
tests that could be performed as effectively in another manner, for example, during
standard clinical pediatric care. Newborn screening should not be performed solely for
the purpose of preventing future parental anxiety (e.g., testing for a childhood-onset
disorder such as Duchenne muscular dystrophy), for the purpose of detecting reproductive
carrier status, or for saving societal costs.

Screening tests also must show clear analytical and clinical validity. Tests or
combinations of tests used to screen for any given disorder must have acceptable levels of
clinical sensitivity (detecting true positives), specificity (minimizing false positives), and
clinical predictive value. The Task Force recognizes the possibility that well-intentioned
advocates of screening may call for adoption of tests before these criteria are satisfied.

210 Telephone interview with Dr. Anne Marie Comeau, October 5, 1999; see also University of
Massachusetts Medical School website: http://www.umassmed.edu/nbs.

211 For a discussion of multiplex testing, see Chapter 5, page 128.

212 A. M. Comeau and R. B. Parad, “Dissent as a Mechanism to Provide Choice in Population-Based Public
Health Studies: Implementation and Preliminary Analysis,” presentation at the American Society of Human
Genetics annual meeting, San Francisco, October 19-23, 1999.



Statutory Authorization for New York’s Newborn Screening Program

The New York Public Health Law 8§ 2500-a should be amended to
delete the names of individual disorders screened for by the Newborn
Screening Program. The law should designate the Commissioner of
Health to specify in regulations those congenital disorders for which
screening should be performed.

One commentator has referred to New York’s newborn screening list as a
“laundry list” of disorders.?® Since its establishment, New York’s screening panel
composition has been changed several times, both to add and to remove particular tests.
Despite these changes, the current list does not precisely define the screened disorders.?%*
To ensure greater precision in the description of disorders screened for, and to retain
flexibility in the composition of the screening panel, the law should be amended to
remove the specific list of disorders. The law should stipulate that screening tests may be
added to the panel at the discretion of the Commissioner of Health. It also should
stipulate that all screening tests, including those listed in the newborn screening statute,
may be deleted from the panel at the direction of the Commissioner of Health.

Informing Parents about Newborn Screening

The Commissioner of Health should promulgate regulations to
require the Newborn Screening Program to provide educational
materials about screening to prenatal care providers, as well as to
hospitals and institutions of birth. Prenatal care providers should be
required to provide and be available to discuss these materials during
the course of prenatal visits. Program materials should be
multilingual and at appropriate reading levels for a general audience.
They should explain the purpose of screening and provide a
description of the disorders screened for, their population incidence,
and the follow-up process for infants with a positive screen test result.

Informing parents about newborn screening tests and the screening process shows
respect for parents and is likely to foster acceptance of the screening program. Providing
parents with information about the testing process, including information about the
potential for false positive screening test results, also may reduce parental anxiety
associated with cases in which newborns screen positive for a disorder and require
additional follow-up.

We agree with the Newborn Screening Task Force that the optimal time to inform
and educate parents about newborn screening is during routine prenatal clinical care
visits. To enhance chances that parents are informed, and in acknowledgment of the fact

213 Clayton, “Screening and Treatment of Newborns,” 133.
214 The law stipulates screening for “homozygous sickle cell disease” rather than for a group of related
hemoglobinopathies.



that not all women obtain recommended prenatal care, it also is essential that mothers be
informed at the hospital or other institution of birth. New York’s Newborn Screening
Program should be required to provide prenatal care providers, as well as institutions of
birth, with brochures that describe newborn screening and provide a brief description of
the disorders screened for. Public health regulations should be amended to clearly
establish the responsibilities of newborn screening program personnel, health care
providers, and hospitals in the performance of these responsibilities.

Currently, New York’s Newborn Screening Program produces brochures in three
languages. The program should continue to produce such brochures, updated as
appropriate, and in enough languages as is reasonable and reflective of the state
population.

Mandatory Newborn Screening

New York’s Newborn Screening Program should be mandatory for all
infants born within the state, provided that several conditions are met:
(1) all screening tests must meet the criteria described above in the
recommendation concerning the basic requirements for newborn
screening tests; (2) parents must be informed and receive educational
materials about the program, its goals, and the screening process; and (3)
the state must ensure that newborns identified as positive in screening
tests are promptly diagnosed and that identified newborns and their
families have access to follow-up medical care and counseling related to
the disorder, regardless of their ability to pay. New York Public Health
Law 8§ 2500-a should be amended to remove the right of parents to assert
religious objections to screening.

The majority of Task Force members agree that newborn screening tests that meet
specific criteria should be mandatory. Critical to this decision is the balance of potential
benefits and harms of newborn screening. Although the chances of any individual
newborn testing positive for a disorder are low, for example, 1 in 12,000 for PKU, several
hundred affected infants are detected by New York’s program annually.?’® For these
children, a parent’s decision to forgo screening is tantamount to a refusal of a medical
treatment to prevent serious harm, given that the effectiveness of treatment depends on
identifying affected newborns before symptoms of the disorder become apparent. The
risks of screening, which are primarily associated with the potential for false positive
results, are minimal compared to the benefit of avoiding such serious harm. In such
circumstances, the autonomy of parents to make health care decisions for their minor
children must give way to the state’s role, as parens patriae, in protecting children from

215 This figure excludes detected HIV positive newborns. See page 149, this chapter.



harm. As with other medical interventions to prevent serious disease, including other
prophylactic measures deemed standard of care for newborns,?® the fact that a parent’s
objections may be motivated by religious reasons does not justify placing the child at
risk.2t’

Another important factor is the practical difficulty, given the timing of screening
and the complex information required to appropriately educate parents, in ensuring that
parental consent would be meaningful.

Follow-up Evaluation and Diagnosis of Screen-Positive Newborns

The Newborn Screening Program should ensure that follow-up
testing and diagnostic evaluation of newborns who test positive on a
screening test is rapid and readily accessible, to maximize treatment
benefits for affected newborns and to minimize potential anxiety
associated with an initial false positive test result.

New York’s Newborn Screening Program has established processes and systems
to promote rapid follow-up testing and diagnosis of newborns who test positive on the
initial screening test. For example, prior to notifying physicians of a positive result for an
initial screening test, the program performs confirmatory testing of the original bloodspot
with a more specific second test to eliminate many false positives, thereby reducing the
number of parents who are informed of a positive screening test result. The program also
has established an automated telephone system to enable prompt and easy follow-up of
screen test results by a newborn’s responsible physician. It is still possible, however, for
infants to fall through the cracks and become lost to follow-up because of birth outside a
hospital or failure on the part of a physician or parent to ensure follow-up of presumptive
positive newborns. The program, aided by the newborn advisory committee?'® and the

216 See, e.g., page 151, this chapter, discussing two New York State-mandated prophylactic treatment
measures for newborns, vitamin K injection and eye prophylaxis.

217 The Supreme Court has made clear that parents do not have the right to risk grave injury to a child’s
health even when motivated to do so for religious reasons. See Jehovah’s Witnesses v. King County
Hospital, 390 U.S. 598, 88 S. Ct. 1260 (1968) (per curiam) (authorizing states to override a parent’s refusal
of a blood transfusion for a minor child). Accord Matter of Sampson v. Taylor, 29 N.Y.2d 900, 328
N.Y.S.2d 686 (1972) (even though a child’s medical condition did not threaten his life or physical health
and was not contagious, the court ordered surgery and necessary blood transfusions over his parents’
religious objections when the child was going to suffer serious and irreparable developmental and
psychological problems without the surgery). State intervention to provide a child, over parental
objections, with medical treatment necessary to avoid serious harm to the child, is consistent with the
Court’s admonition that “parents may be free to make martyrs of themselves,” but that “it does not follow
that they are free, in identical circumstances, to make martyrs of their children.” Prince v. Massachusetts,
321 U.S. 158, 170, 64 S. Ct. 438, 444 (1944) (upholding child labor law as applied to guardian who
permitted distribution of religious literature by nine-year-old child). We are mindful of the difference
between a parental refusal of newborn screening tests and a parental refusal of medical treatments necessary
for a child already identified to be at risk. The fact remains, however, that for children who are affected
with the relevant disorder, a refusal of testing is tantamount to a refusal of medical care to prevent serious
harm and possibly death. See also Chapter 8, page 220.

218 See recommendation, page 171, this chapter.



establishment of stable funding,?'® should identify these “cracks” and seal them. One
approach, considered by the program but not undertaken because of insufficient
financing, is to link the screening program database with the department’s vital records
database, which records all births in the state.

Follow-up Medical Care for Newborns of Confirmed Positive Newborns

New York State should ensure that newborns detected to have a
congenital condition by newborn screening receive necessary long-
term medical and preventive care, into and through adulthood,
regardless of ability to pay. The Newborn Screening Program should
facilitate efforts to ensure that affected newborns identified by the
program obtain necessary and appropriate medical care. The
program should assist treatment centers in locating and treating
children who are lost to follow-up.

When states invoke their parens patriae power to mandate screening of all
newborns, they incur an ethical obligation to ensure follow-up and medical management
of newborns identified to be at risk of harm. The Newborn Screening Program and other
programs within the New York State Department of Health should ensure that specialty
treatment centers and providers are accessible to all children with disorders identified by
newborn screening, including those enrolled in managed care programs. We applaud the
department’s role in efforts to produce treatment care guidelines for sickle cell disease.
The screening program should continue to identify obstacles to follow-up care and
promote efforts to overcome such obstacles. The state also should aid children and
families in obtaining needed financial coverage for medical care through Medicaid and
Child Health Plus and other programs and ensure that medical services for the conditions
tested for by newborn screening are covered in these programs.

The Newborn Screening Program and the New York State Department of Health
also should aid health care providers and programs who seek to find children who have
tested positive for a disorder but who become lost to follow-up. Reasons for such losses
are complex and can best be addressed by providers at the “medical home” who are
knowledgeable about the patient’s family and social circumstances. The New York State
Department of Health should help these providers obtain the necessary resources and
support, including the support of appropriate social service agencies, to ensure continuous
medical care of these children.

219 See recommendation, page 174, this chapter.



Because medical prevention and management of disorders identified by newborn
screening is often a lifetime effort, the New York State Department of Health should
ensure adequate access to disease prevention and care into adulthood, including services
for PKU-positive women who require close monitoring throughout pregnancy to prevent
maternal PKU syndrome. New York should follow the lead of other states in establishing
a database to track female adolescents and adults with PKU to promote continuous and
coordinated counseling and treatment services. These services are expensive, and women
needing them are often not eligible for Child Health Plus or other programs available to
children and teenagers. New York State should act to ensure coverage of these services
for these adults.

Establishment of a Newborn Screening Advisory Committee

New York’s public health regulations should establish a newborn
screening advisory committee to act in an advisory capacity to the
Commissioner of Health and the Newborn Screening Program. The
committee should include outside professional and community
representatives and should be independent from the screening
program. It should meet at least annually to consider new screening
tests, solicit community input, and evaluate program infrastructure,
policies, and outcomes.

The Task Force agrees with CORN that the participation of individuals outside of
the departmental screening program enhances the credibility and effectiveness of the
program. An appropriately constituted newborn screening program advisory committee
can play an important role in ensuring that programs provide optimally designed
screening panels and follow-up diagnosis, management, and long-term care of affected
newborns identified to have a disorder. The many opportunities and challenges facing
newborn screening programs can best be addressed by a group of individuals with
different areas of expertise, life experiences, and cultural perspectives. The existence and
oversight of a formal committee can ensure that processes and criteria used to consider
potential new tests are balanced and less subject to extemporaneous methods and the
misguided enthusiasm of one or a few individuals. It also promotes periodic, formal
review of program administration.

New York Public Health regulations should be amended to direct the
Commissioner of Health to establish a newborn screening advisory committee and to
specify committee responsibilities. Activities that might be in the purview of the
advisory committee include, but are not limited to, the following: (1) establishment of
criteria to guide the review of current and proposed screening tests on a case-by-case
basis; (2) review of current and proposed screening tests, as necessary; (3) consideration
of the fiscal health of the program; (4) consideration of changes in program infrastructure,
testing technologies, or program administration, as necessary; (5) establishment of formal
policies for storage and research use of newborn bloodspots; (6) evaluation of program



processes and outcomes, including outcomes of newborns who test positive in the
screening program; and (7) solicitation of community input.

The advisory committee requires a full range of expertise in the areas of clinical
genetics, pediatric specialty medical care, the laboratory sciences, program evaluation,
bioethics, law, and the coordination of medical care for children with special needs.
Community representation also is essential and should include one or more parents of
children identified to have a disorder screened for by the newborn screening panel.
Members of the advisory committee should be selected from throughout New York State
and should be representative of the state’s population diversity.

Review and Implementation of Newborn Screening Tests

A newborn screening advisory committee, and ad hoc specialty
subcommittees established by it, should review all tests currently on
or under review for New York’s screening panel, as well as potentially
valuable new tests, and make recommendations to the Commissioner.
For tests for which a confirmed medical benefit has not been
sufficiently demonstrated, tests should be viewed as human subject
research and should require parental informed consent. These tests
should be subject to review by an institutional review board to
determine the information that should be provided as part of
obtaining parental informed consent. All new screening tests should
be subject to periodic follow-up evaluation to determine test accuracy
and effectiveness of medical interventions.

In addition to the fundamental requirements of all newborn screening tests,?? the
program should develop guidelines for other assessment criteria of potential new
screening tests on a case-by-case basis. Such factors include the economics of screening,
the population prevalence of a disorder and the genotypes that contribute to it, and the
degree of effectiveness of a preventive intervention. For example, some commentators
disagree about whether the degree of clinical prevention associated with one disorder in
New York’s screening panel, branched chain ketonuria, is sufficient to justify mandatory
screening; posttest medical intervention in this case can prevent death but not serious and
permanent impairment.??  Guidelines can help guide case-by-case consideration of the
potential benefits and risks of potential new screening tests. New York’s newborn
screening advisory committee should review criteria outlined by other groups and adapt
criteria based on the needs and infrastructure of New York’s program.

220 See recommendation, page 167, this chapter.
221 For a discussion, see page 161, this chapter.



It is critical that screening tests that lack sufficiently established test validity
and/or medical benefits are introduced by a pilot testing program, with full parental
consent. It is important that data from pilot programs undergo objective periodic review
and that such programs not be maintained if they fail to demonstrate clear and significant
benefits to newborns. In some cases, tests added to New York’s newborn screening panel
may have adequate demonstration of analytical validity, clinical validity, and clinical
utility to justify inclusion on the mandatory test panel without the need for parental
consent. A potential example is testing for congenital adrenal hyperplasia, not presently
on New York’s panel but on the panels of fifteen other states, and for which significant
data exist to justify newborn screening to prevent early and life-threatening harm.??2

Tests currently on or under consideration for New York’s newborn screening
panel that have not undergone review by formal criteria or by a body independent of
program officials should be subject to the same review process.

Universal Performance of Newborn Screening

Newborn screening tests should be performed for all
newborns, rather than targeted to specific minority populations
perceived to be at higher-than-average risk for a particular disorder.

New York should continue its current practice of screening all newborns for all
disorders on the screening panel, including hemoglobinopathies. Targeting of tests based
on ethnic or racial background risks missed diagnoses. To the extent economic issues are
relevant, targeted testing itself entails costs that may equal or surpass any potential cost
savings based on reducing the number of tests performed.

Financing of the Newborn Screening Program

A permanent, stable funding source is needed to enable the program
to consider additional tests, implement new tests as needed, consider
changes in testing technologies, improve processes and follow-up
evaluation, and support the activities of the advisory committee.

The state, in its exercise of parens patriae power to require screening of all
newborns, has a responsibility to ensure an adequate and stable funding source for all
newborn screening activities, including follow-up and program evaluation.

222 Hiller, Landenburger, and Natowicz, “Public Participation in Medical Policy Making,” 1282; B. L.
Therrell et al., “Results of Screening 1.9 Million Texas Newborns for 21-Hydroxylase Deficient Congenital
Adrenal Hyperplasia,” Pediatrics 101 (1998): 583; see also E. W. Clayton, “What Should Be the Role of
Public Health in Newborn Screening and Prenatal Diagnosis?” American Journal of Preventive Medicine
16 (1999): 111, 113.



Several sources interviewed by Task Force staff stated that while New York had
long been a leader in newborn screening, it has fallen behind. Program officials agree,
noting the inability to provide some tests and services because of the lack of a sufficient
and stable funding source. Some tests determined by other state committees and
professional groups to be appropriate for newborn screening have not been implemented
because of lack of financing. A recent state budgetary allocation for the Newborn
Screening Program?? is a positive step, but it is essential that stability of funding
guarantee year-to-year provision of screening, follow-up, and evaluation activities.

Research Use of Anonymized Newborn Bloodspots

The Newborn Screening Program, consistent with the
recommendations in Chapter 7 concerning research use of samples
obtained in the clinical context, should permit the use of anonymized
samples for research. The program should inform parents that
residual bloodspots may be anonymized and used for quality
assurance activities or research. Parents should be informed of the
potential research value of the samples and of the impossibility of
linking research results to any individual newborn.

Anonymized newborn bloodspot collections that retain certain demographic
markers can provide a powerful research resource. The potential for harm to the newborn
sample sources or their families is minimal because of the impossibility of linking
research results to an anonymized sample source. The Task Force, however,
acknowledges concerns that the research use of samples that retain demographic markers,
including markers of race and ethnicity, may result in stigma to certain population groups.
Balancing the potential benefits and harms of research use of anonymized bloodspots, the
Task Force recommends that the Newborn Screening Program develop policies for the
appropriate use of anonymized residual bloodspots. Because the mandatory screening
program creates a unique population sample set to which many researchers may desire access
and because residual samples are exhaustible, the program, with the aid of the newborn
screening advisory committee, should prioritize areas of research, including research to
promote the health of children, for which newborn sample use is most appropriate.

As with the research use of other anonymized samples obtained in the clinical
context, research use of anonymized newborn blood samples requires IRB review. As
discussed in the recommendations in Chapter 7, IRB review should ensure that the samples
are or will be truly anonymized.?* IRB review also should determine whether the proposed

223 See page 155, this chapter.
224 See Chapter 7, page 212.



research is of such a sensitive nature that it is inappropriate to use anonymized samples
without having obtained the subjects’, or in this case the subjects’ parents, informed consent.

The Task Force believes that research use of anonymized newborn bloodspots
generally should not require parental consent.?®> However, Task Force members agree that
out of respect for parents and newborns, and to promote community trust in the newborn
screening program, parents should be informed about the potential use of residual newborn
bloodspots for anonymized research. Educational materials provided to parents during
prenatal care and in the birth hospital should inform parents of this possibility, emphasize the
benefits of such research, and assure parents that no risks are posed to their newborns or
other family members.

Research Use of Identified Newborn Bloodspots

Research use of identified newborn bloodspots should be permitted in
accord with recommendations in Chapter 7 concerning the research use
of identified samples obtained in the clinical context. In addition,
investigators who seek to use identified newborn blood samples for
research should demonstrate why unidentified samples or alternate
sample sources would not suffice. The use of identified samples should
require recontact by the New York State Department of Health and
informed consent of parents for each research use. The New York State
Department of Health should not release samples that retain identifying
data to researchers outside the department except for rare circumstances
in which the research is directly relevant to the health of a specific
newborn.

Any research use of identified newborn samples, as for research use of other
identified samples obtained in the clinical context,?® should require the review and
approval of an IRB and informed consent, in this case, of parents of newborns.??’ These
safeguards are important to prevent potential harms associated with disclosure of research
results that may be linked to personal identifying information. The Newborn Screening
Program, with the guidance of the newborn screening advisory committee, should
establish policies that address the types of research that may be appropriate and the
processes by which investigators inside and outside the New York State Department of
Health could request such samples. The Task Force agrees with other commentators that
those requesting identified newborn samples should demonstrate that the research cannot
be performed using anonymized samples or another sample source and that the research is
consistent with the goals of the screening program.

225 For a discussion about the Task Force’s recommendation that informed consent is not required for the
research use of anonymized samples obtained in the clinical context, see ibid.
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227 parents also should be given the option to provide informed consent for coding of the sample for future
research use, under the conditions discussed in Chapter 7, page 212.



Research Use of Coded Newborn Bloodspots

Research use of coded newborn bloodspots should be permitted in
accord with recommendations in Chapter 7 concerning the research
use of coded samples obtained in the clinical context. The use of
coded samples should require recontact by the New York State
Department of Health to obtain the consent of parents for the future
research use of the samples.

Any research use of coded newborn samples, as for research use of coded samples
obtained in the clinical context,??® should require the review and approval of an IRB. The
IRB review should ensure that the samples are or will be truly coded and should
determine whether the research is of such a sensitive nature that it is inappropriate to use
coded samples. The research use of coded newborn samples also should require the
recontact of parents to obtain their consent to future research use of the samples.

Policies for Storage of Newborn Bloodspots

The Newborn Screening Program should establish a formal policy for
the storage of residual identified and anonymized bloodspots. The
policy should specify potential uses for stored bloodspots and a
maximum period of time for which samples may be maintained with
personal identifiers.

The Newborn Screening Program, with advice from the newborn screening
advisory committee, should establish formal policies for the conditions and length of
storage of identified and anonymized bloodspots. In establishing these policies, the
program should consider its potential need of samples for legal reasons, program quality
assurance measures, and research uses. It also should consider potential reasons in favor
of discarding samples, including concerns about inappropriate use of identified samples
and practical concerns such as storage space. The program should consider the potential
appropriate research uses of residual newborn bloodspots within and outside of the New
York State Department of Health.

Notification of Parents of Newborn Carrier Status
When carrier status for a recessive genetic disease is determined as an

incidental finding of a newborn screening test, New York’s Newborn
Screening Program should report that finding to the authorized

228 See Chapter 7, page 214.



physician. ldeally, parents of carrier newborns should be informed of
that result and offered appropriate education, counseling, and testing
by appropriately trained and credentialed professionals.

Currently, hemoglobinopathy screening indicates not only those newborns who
have inherited a pair of mutant genes and have sickle cell disease or a related
hemoglobinopathy but also healthy newborns who have inherited a single mutant gene.
Cystic fibrosis screening, and possibly other future tests, also may inadvertently disclose a
newborn’s carrier status. These newborns may be at risk of later having a child with a
disease, and their parents may be at risk of having an affected child in the future if, in
fact, both parents are carriers. Task Force members agree that, ideally, parents should be
informed of their newborn’s carrier status, provided they receive adequate genetic
counseling. New York’s Newborn Screening program should continue to inform
physicians about a newborn’s carrier status and require that contracted genetics service
centers provide professional counseling and inform parents about carrier status.
Physicians receiving information about carrier status should not disclose this information
to parents unless the parents are appropriately counseled.






7

Informed Consent

Obtaining a patient’s informed consent to medical procedures is both a legal
necessity and a basic requirement of medical ethics. Informed consent is defined as an
agreement to allow a procedure to go forward after having been advised of relevant facts
necessary to make that agreement an intelligent one.! Examples of relevant facts include
the patient’s diagnosis, the nature and purpose of the proposed procedure, and the risks
and benefits of, and the alternatives to the procedure.? Most commentators maintain that
the requirement of informed consent applies to decisions about predictive genetic testing.

Existing New York Law on Informed Consent
Section 2805-d of the Public Health Law

Since the early part of the twentieth century, New York courts have recognized
that, as a matter of common law, physicians may not perform medical procedures on
patients without their consent.* However, it was only in the late 1950s and early 1960s
that courts in New York and other states ruled that physicians must obtain the patient’s
informed consent to medical procedures.® It was also at this time that the medical

! See Black’s Law Dictionary (St. Paul, MN: West, 1979), 701.

2 See B. R. Furrow et al., Health Law, vol. 1 (St. Paul, MN: West, 1995), 415, 417, 424.

3 See page 189, this chapter. In this chapter, the term “predictive genetic testing” is meant to include
presymptomatic, reproductive, and susceptibility testing. For a discussion of these types of testing, see
Chapter 3.

4 See Schloendorff v. Soc’y of New York Hosp., 211 N.Y. 125, 105 N.E. 92 (1914). The right to refuse
medical treatment is protected under both the federal and state constitutions. See Cruzan v. Dir., Missouri
Dept. of Health, 497 U.S. 261, 278-279, 110 S. Ct. 2841, 2851 (1990) (United States Constitution); Rivers
v. Katz, 67 N.Y.2d 485, 493, 504 N.Y.S.2d 74, 78 (1986) (New York State Constitution). Some courts
have suggested that when government is involved in providing medical care, the due process clause of the
United States Constitution requires the government to obtain informed consent to the care. See White v.
Napoleon, 897 F.2d 103, 113 (3rd Cir. 1990); Clarkson v. Coughlin, 898 F. Supp. 1019, 1048-1049
(S.D.N.Y. 1995). See also Norman-Bloodsaw v. Lawrence Berkely Laboratory, 135 F.3d 1260, 1268-1270
(9th Cir. 1998) (government defendants violated the due process clause in the Fifth and Fourteenth
Amendments, and the Fourth Amendment right against unreasonable searches and seizures, when they
performed unconsented-to medical tests on bodyily fluids removed from prospective employees during pre-
employment medical examinations); Heinrich v. Sweet, 62 F. Supp.2d 282, 313 (D. Ma. 1999) (government
medical experiment performed on individuals under false pretenses and without informed consent would
violate the individuals’ constitutional liberty interest in bodily integrity).

° See, e.g., Furrow et al., Health Law, 410; R. R. Faden and T. L. Beauchamp, A History and Theory of
Informed Consent (New York: Oxford University Press, 1986), 86-87; Darrah v. Kite, 32 A.D.2d 208,
210-211, 301 N.Y.S.2d 286, 290 (N.Y. App. Div. 1969); Scott v. Kaye, 24 A.D.2d 890, 891, 264 N.Y.S.2d



community, in response to the developing case law on informed consent, began to wrestle
with this issue.®

In 1975, the New York legislature codified the informed consent requirements for
physicians, dentists, and podiatrists in Section 2805-d of the Public Health Law.” Other
health care professionals continue to be subject to the informed consent requirements of
the common law.®

Section 2805-d requires physicians to disclose to their patients the alternatives to,
and the reasonably foreseeable risks and benefits of, proposed treatments or procedures
“in a manner permitting the patient to make a knowledgeable evaluation.”® Section 2805-
d does not specify the manner in which physicians must impart this information to their
patients. In practice, many health care providers have patients sign informed consent
forms that state “that the patient has been fully informed and underst[ands] the risks of
the procedure[s],” whether or not a discussion with the patient has actually taken place.°
The general rule in New York is that signed consent forms provide some evidence, but
not necessarily conclusive evidence, that the obligation to obtain informed consent was
met. !t

Section 2805-d provides that patients can sue physicians for failing to obtain
informed consent if the patient can prove that a reasonably prudent person in the patient’s
position would not have undergone the treatment or procedure if the person had been
fully informed and that the treatment or procedure was the proximate cause of the injuries

752,752 (N.Y. App. Div. 1965); M. E. Silber and M. E. Rabar, “Informed Consent: Evolution and Erosion,
Part I,” New York Law Journal, September 4, 1998, 3. See also Fiorentino v. Wenger, 19 N.Y.2d 407,
413, 280 N.Y.S.2d 373, 377 (1967) (finding that surgeon was liable for malpractice because he had not
explained “the hazards of the operation, the available alternatives [and] the fact that the procedure was not
employed by anyone else in th[e] country™).

6 Faden and Beauchamp, A History and Theory of Informed Consent, 86-87.

7 Silber and Rabar, “Informed Consent,” 3.

8 See Laskowitz v. CIBA Vision Corp., 215 A.D.2d 25, 30-31, 632 N.Y.S.2d 845, 849 (N.Y. App. Div.
1995). Section 2805-d provides physicians, dentists, and podiatrists with certain defenses to lack of
informed consent claims that are not available to other health care providers. Ibid., 215 A.D.2d at 30-31,
632 N.Y.S.2d at 848-849.

®N.Y. Pub. Health Law § 2805-d(1) (McKinney 1999).

10T, A. Moore, “Medical Malpractice: Informed Consent Part I1,” New York Law Journal, October 3, 1995,
3.

1 Ibid. See Lowery v. Hise, 202 A.D.2d 948, 948-949, 609 N.Y.S.2d. 456, 456457 (N.Y. App. Div.
1994) (even though the plaintiff had signed consent form that stated that she had been fully informed and
fully understood the risks of and alternatives to a dental procedure, the plaintiff’s assertion that she had
neither read nor understood the form was sufficient to permit her informed consent claim to go to trial);
Keane v. Sloan Kettering Inst. for Cancer Research, 96 A.D.2d 505, 464 N.Y.S.2d 548 (N.Y. App. Div.
1983). See also Davis v. Caldwell, 54 N.Y.2d 176, 182-183, 445 N.Y.S.2d 63, 66-67 (1981) (signed
consent form was not, in and of itself, conclusive evidence that informed consent was obtained).



of which the plaintiffs complain.'? For example, in Davis v. Nassau Ophthalmic
Services, P.C.,1 a patient underwent an eye operation to correct his nearsightedness and
the operation further damaged, rather than corrected, his vision. Because the physician
had not properly informed the patient about the operation’s possible risks and the jury
found that a reasonably prudent person in the patient’s position would not have agreed to
undergo the operation if the person had been fully informed, the appellate court upheld a
damage award against the physician.**

Patients may not recover damages for lack of informed consent under Section
2805-d if the risks of which they were not informed were “too commonly known to
warrant disclosure;”*® if they told their physicians that regardless of the risks about which
they did not want to be informed;® if it was not reasonably possible for the physician to
obtain consent;'” if the treatment, procedure, or surgery was performed in response to a
medical emergency;'® or if the physician determined that full informed consent would
“adversely and substantially affect the patient’s condition.”*°

Section 2805-d’s informed consent requirements apply only to treatments and
diagnostic procedures that involve “invasion or disruption of the integrity of the body,”
such as surgery.?® This rule has sometimes proven to be an insurmountable hurdle for
patients who have sued physicians for violation of section 2805-d’s informed consent
requirements in the context of reproductive genetic testing.?! For example, in Karlsons v.
Guerinot,?? the plaintiff, who had given birth to a disabled child in the past, was not told
by her physician about the availability of amniocentesis during a subsequent pregnancy.
She then gave birth to a child with Down syndrome.? The plaintiff sued her physician
for damages arising from her pain, suffering, and mental anguish, claiming that the
physician’s failure to counsel her about the availability of amniocenteses led her to
continue her pregnancy and to give birth without informed consent.?* The Appellate

12 Flores v. Flushing Hosp. & Med. Ctr., 109 A.D.2d 198, 201-202, 490 N.Y.S.2d 770, 773 (N.Y. App.
Div. 1985); N.Y. Pub. Health Law § 2805-d(3) (McKinney 1999).

13232 A.D.2d 358, 648 N.Y.S.2d 454 (N.Y. App. Div. 1996).

14 1bid., 232 A.D.2d at 358-361, 648 N.Y.S.2d at 455-456.

15 N.Y. Pub. Health Law § 2805-d(4)(a).

16 1bid., § 2805-d(4)(b).

17 1hid., § 2805-d(4)(c).

18 1hid., § 2805-d(2)(a).

1% Ibid., § 2805-d(4)(d). This “therapeutic” exception reflects that, in rare circumstances, disclosing
complete information to a patient will make the patient “so ill or emotionally distraught” that the disclosure
would substantially and adversely affect the patient’s condition. See Canterbury v. Spence, 464 F.2d 772,
789, 150 U.S.App.D.C. 263, 280 (D.C. Cir. 1972). In such rare cases, physicians may communicate to their
patients less information about the proposed procedure or treatment than would ordinarily be required by
the informed consent statute. See Tibodeau v. Keeley, 208 A.D.2d 610, 611-612, 617 N.Y.S.2d 183, 184
(N.Y. App. Div. 1994).

20N.Y. Pub. Health Law § 2805-d(2) (McKinney 1998).

2L For a discussion of reproductive genetic testing, see Chapter 3, page 49.

257 AD.2d 73, 394 N.Y.S.2d 933 (N.Y. App. Div. 1977).

2 |bid., 57 A.D.2d at 75, 394 N.Y.S.2d at 934.

24 |bid.



Division upheld the dismissal of the claim, pointing out that any harms to the plaintiff
were not caused by a violation of her physical integrity.?®

Although Karlsons involved reproductive genetic testing, the requirement of
showing an invasion of bodily integrity may make Section 2805-d’s informed consent
requirements inapplicable to other types of genetic testing as well. Although it did not
involve genetic testing, Hecht v. Kaplan® is instructive in this regard. In Hecht, a
physician drew a vial of his patient’s blood, with the patient’s consent, for
cytomegalovirus (CMYV) testing. While the needle was still inserted in the patient’s arm
and without receiving the patient’s permission, the physician then drew a second vial of
blood. He subsequently tested the second vial of blood for the presence of human T-cell
leukemia virus (HTLV), without the patient’s consent, and told the patient, several
months later, that he had tested positive.?” The patient then sued the physician under
Section 2805-d for drawing and testing the second vial of blood without informed
consent.?® The court dismissed the lawsuit, reasoning that the unauthorized testing of the
blood without informed consent did not “constitute an affirmative violation of [the
patient’s] physical integrity.”?°

In Hecht, the patient had consented to the needle stick for purposes of the CMV
testing. If the needle stick itself were performed without authorization, it is arguable that
the requirement of showing an affirmative physical violation would have been met.®
Nonetheless, even in a case involving an unauthorized needle stick, individuals might still
have difficulty succeeding in lawsuits under section 2805-d for lack of informed consent
to predictive genetic testing because, in order to prevail in Section 2805-d lawsuits,

% |bid., 57 A.D.2d at 81-83, 394 N.Y.S.2d at 938-939. See also Keselman v. Kingsboro Med. Group, 156
A.D.2d 334, 335, 548 N.Y.S.2d 287, 288-289 (N.Y. App. Div. 1989) (physician’s failure to diagnose a
fetal genetic anomaly, resulting in birth of child with a genetic disorder, did not violate the mother’s right to
informed consent because “the wrong complained of did not arise out of some affirmative violation of the
plaintiff mother’s physical integrity”). Individuals who do not receive proper genetic counseling from their
physicians are not remediless. For the last twenty years the New York Court of Appeals has recognized
malpractice lawsuits against physicians for giving improper genetic advice in the reproductive genetic
testing context, although the damages that are recoverable are somewhat circumscribed. See, e.g., Martinez
v. Long Island Jewish Hillside Med. Ctr., 70 N.Y.2d 697, 518 N.Y.S.2d 955 (1987); Becker v. Schwartz, 46
N.Y.2d 401, 413 N.Y.S.2d 895 (1978).

2% 221 A.D.2d 100, 645 N.Y.S.2d 51 (N.Y. App. Div. 1996).

27 Ibid., 221 A.D.2d at 102—-103, 645 N.Y.S.2d at 52.

28 |bid., 221 A.D.2d at 102, 645 N.Y.S.2d at 52.

2 |bid., 221 A.D.2d a 104, 645 N.Y.S.2d at 53. See also Doe v. Dyer-Goode, 389 Pa. Super 151, 566 A.2d
889 (1989) (unconsented-to HIV test on blood drawn with the consent of the patient is not a violation of the
patient’s bodily integrity for informed consent purposes).

%0 Cf., e.g., Karlsons, 57 A.D.2d at 82, 394 N.Y.S.2d at 939 (injections are affirmative violations of a
patient’s bodily integrity); DiRosse v. Wein, 24 A.D.2d 510, 261 N.Y.S.2d 623 (N.Y. App. Div. 1965)
(same); Sangiuolo v. Leventhal, 132 Misc.2d 680 (Sup. Ct. New York County 1986) (Section 2805-d
requires informed consent for therapeutic injections).



plaintiffs must establish that their injuries were “directly” or “medically” caused by the
procedures that violated their physical integrity.3! However, injuries that individuals may
suffer as a result of predictive genetic testing, such as psychological trauma or
discrimination,® are not the “direct” or “medical” result of the needle sticks to draw
blood. Rather, they are the result of the disclosure of the genetic information gleaned
from the tests performed on the blood after it has been removed from the individual’s
body. Accordingly, courts may find that section 2805-d has no bearing in the predictive
genetic testing context at all.

The Civil Rights and Insurance Laws

Sections 79-l of the New York Civil Rights Law and 2612 of the New York
Insurance Law, which were both enacted in 1996, prohibit the performance of predictive
genetic tests on an individual’s biological samples without the individual’s prior written
informed consent.®® The requirement of informed consent generally does not apply to
routine medical tests performed for nongenetic purposes®* or if the subject of the test has
exhibited symptoms of the disease that the test was designed to predict.®*® Section 79-I
applies to everyone except insurers, and Section 2612 applies to insurers and persons who
act on behalf of insurers.

Section 79-1 defines informed consent as a signed and dated “written
authorization” that contains:

e A general description of the test
e A statement of the purpose of the test

e A statement that the individual may wish to obtain professional genetic
counseling prior to signing the informed consent form

e A statement that a positive test result is an indication that the individual may
be predisposed to or have the specific disease or condition tested for and may

3L Flores v. Flushing Hosp. & Med. Ctr., 109 A.D.2d at 200-201, 490 N.Y.S.2d at 772; Karlsons v.
Guerinot, 57 A.D.2d at 81-82, 394 N.Y.S.2d at 939.

32 Under certain circumstances, physicians may have a duty under Section 2805-d to inform their patients of
the emotional consequences of proposed treatments. See Perez v. Park Madison Laboratories, Inc., 212
A.D.2d 271, 274-275, 630 N.Y.S.2d 37, 40 (N.Y. App. Div. 1995). See also Jones v. Howard University,
Inc., 589 A.2d 419, 422 n.5 (D.C. App. 1991) (dictum) (“If a course of treatment includes a risk that it
would cause emotional harm or some kind of mental injury, and such a risk were unrevealed and should
materialize, the emotionally-harmed person would have a cause of action based on lack of informed
consent, even in the absence of physical injury.”). For a discussion of the potential harms of genetic testing,
see Chapter 3, page 57.

3 N.Y. Civ. Rights Law § 79-1(2)(a) (McKinney 1999); N.Y. Ins. Law § 2612(a) (McKinney 1999).

3 N.Y. Civ. Rights Law § 79-1(1)(a) (McKinney 1999); N.Y. Ins. Law § 2612(i) (McKinney 1999).

% N.Y. Civ. Rights Law § 79-1(1)(b) (McKinney 1999); N.Y. Ins. Law § 2612(i) (McKinney 1999).



wish to consider further independent testing, consult their physician, or pursue
genetic counseling

e A general description of each specific disease or condition tested for

e The level of certainty that a positive test result for the disease or condition
serves as a predictor of such disease or condition

e The name of the person or categories of persons or organizations to whom the
test results may be disclosed

e A statement that no tests other than those authorized shall be performed on the
biological sample and that the sample will be destroyed at the end of the testing
process or not more than sixty days after the sample was taken, unless a longer
period of retention is expressly authorized in the consent form

e The signature of the subject of the test or, if the subject lacks the capacity to
consent, the signature of the person authorized to consent for that individual®®

Section 2612 contains virtually identical informed consent requirements,®” and both Sections
79-1 and 2612 prohibit waivers of the statutes’ informed consent requirements.*®

The informed consent provisions of Sections 79-1 do not apply to New York’s
newborn screening program,®* New York’s program for genetically “fingerprinting”
convicted criminals,”® research on anonymous biological samples where an institutional
review board (IRB) has approved the research protocol and has assured “the anonymity of
the sources of the samples,”*! and research (regardless of IRB approval) where the research
subjects have provided a general waiver for the use of their samples for research, the
researchers remove all of the sample identifiers, and the research results cannot be linked to
the subjects.*? Also exempt from the informed consent provisions of Sections 79-1 and 2612
are additional predictive genetic testing on a biological sample “to demonstrate the integrity
of the sample tested or to resolve the analysis of a test with a previously indeterminate

% N.Y. Civ. Rights Law § 79-1(2)(b)(1-8) (McKinney 1999).

STN.Y. Ins. Law § 2612(b)(1-8) (McKinney 1999). Unlike Section 79-I of the Civil Rights Law, Section
2612 does not mandate that the written authorization state that the individual to be tested may wish to obtain
professional genetic counseling before signing the authorization.

3 N.Y. Civ. Rights Law § 79-1(2)(c) (McKinney 1998); N.Y. Ins. Law § 2612(8)(c) (McKinney 1998).

39 N.Y. Civ. Rights Law 88§ 79-1(4)(b), 79-1(7) (McKinney 1998).

%0 1bid., § 79-1(4)(b).

4L 1bid., 88 79-1(4)(a), 79-1(4)(b), 79-1(4)(c), 79-I(7).

42 |bid., 88 79-1(2)(c), 79-1(9).



result”*® and predictive genetic testing on deceased individuals if the next of kin provides

informed consent for the testing.**

Predictive genetic testing also may be performed on biological samples without the
subject’s informed consent if a court orders the tests.** Before a court may issue such an
order, it must consider “the privacy interests of the individual subject of the genetic test and
of close relatives of such individual, the public interest, and, in the case of the medical or
anthropological research, the ethical appropriateness of the research.”®

Willful violators of Section 79-1’s informed consent provisions can be charged
with a misdemeanor, imprisoned up to ninety days, and fined up to $5,000.*” Nonwillful
violators can be convicted of a violation and fined up to $1,000.#¢ Violators of Section
2612’s informed consent provisions can be convicted of a misdemeanor, fined up to
$5,000, and are subject to cease and desist orders by the Superintendent of Insurance.*
Except for certain fines and other sanctions that can be levied by the Superintendent of
Insurance, individuals and organizations must be proven guilty beyond a reasonable doubt
before they may be convicted of a misdemeanor or violation and fined.>® Sections 79-1
and 2612 do not explicitly authorize private lawsuits against parties who violate their
informed consent provisions, and it is unclear whether courts would infer a right to bring
such lawsuits.!

The Process of Informed Consent
Informed Consent Models

Commentators have described two different models of informed consent, the
event model and the process model.>?> The event model of informed consent is the model

3 1bid., § 79-1(8).

4 1bid., 8 79-1(11). The term next of kin is not defined in the statute.

% 1bid., § 79-1(4)(c), (d).

*¢ 1bid., § 79-1(4)(d).

7 1bid., § 79-1(5)(b).

*8 1bid., § 79-1(5)(a).

49N.Y. Ins. Law 88 2612(j), 109(a), 2406(a), 2406(d) (McKinney 1998).

%0 See N.Y. Penal Law §§ 10.00(3), 55.10 (McKinney 1999); N.Y. Crim. Proc. Law § 70.20 (McKinney
1999).

51 Compare Mark G. v. Sabol, 93 N.Y.2d 710, 718-722, 695 N.Y.S.2d 730, 733-735 (1999) (refusing to
find an implied right of action for violation the Child Welfare Reform Act); Carrier v. Salvation Army, 88
N.Y.2d 298, 644 N.Y.S.2d 678 (1996) (find private right of action under New York Social Services Law §
460-d); Larson v. Albany Med. Ctr., 252 A.D.2d 936, 936-938, 676 N.Y.S.2d 293, 294-295 (N.Y. App.
Div. 1998) (refusing to infer a private right of action against hospital that allegedly violated N.Y. Civ.
Rights Law § 79-i by discriminating against staff who refused to participate in abortions) with Doe v. Roe,
190 A.D.2d 463, 470-471, 599 N.Y.S.2d 350, 353-354 (N.Y. App. Div. 1993) (inferring a private right of
action against persons who disclose HIV information in violation of Article 27-F of the Public Health Law).
52 See, e.g., P. S. Appelbaum, C. W. Lidz, and A. Meisel, Informed Consent: Legal Theory and Clinical
Practice (New York: Oxford University Press, 1987), 151-158; G. Geller et al., “Genetic Testing for
Susceptibility to Adult Onset Cancer: The Process and Content of Informed Consent,” Journal of the
American Medical Association 277 (1997): 1467, 1469; N. Press and C. H. Browner, “Risk, Autonomy, and



generally used in medical practice and research. It treats informed consent as a time-
limited isolated event that takes place shortly before performing a procedure.®® By
contrast, in the process model, the provider obtains the patient’s consent over time
through a dialogue in which the provider and the patient discuss the patient’s values, as
well as the risks, benefits, and alternatives to the particular procedure.®* This model of
informed consent, which has been described as the ideal, “requires great psychological
and pedagogical skills” of health care providers.>

Obstacles to Obtaining Informed Consent

Various obstacles to effective physician-patient communications can interfere
with a physician’s ability to obtain informed consent. Examples include differences in
the cultural and educational backgrounds of physicians and patients,>® time constraints on
physician-patient interactions,®” the difficulty of understanding probabilistic
information,>® and the difficulty of processing large amounts of medical information at
one time, that is, “information overload.”®

For some physicians, an additional obstacle to obtaining informed consent in the
context of predictive genetic testing is the physician’s own lack of knowledge about
genetics and the meaning of genetic test results.®® A 1996 study by the Human Genome
Project indicated that 46 percent of the physicians surveyed had never taken a course in
basic genetics.®* A 1997 study found that almost one-third of the physicians surveyed,

Responsibility: Informed Consent for Prenatal Testing,” Hastings Center Report 25, Special Supplement
(1995): S9, S10.

%3 Press and Browner, “Risk, Autonomy, and Responsibility,” S10; see Geller et al., “Genetic Testing for
Susceptibility to Adult Onset Cancer,” 1469.

% See Press and Browner, “Risk Autonomy and Responsibility,” S10. See P. Schuck, “Rethinking
Informed Consent,” Yale Law Journal 103 (1994): 899, 903-904.

% Press and Browner, “Risk Autonomy and Responsibility,” S10.

% See, e.g., Geller et al., “Genetic Testing for Susceptibility to Adult Onset Cancer,” 1469; Faden and
Beauchamp, A History and Theory of Informed Consent, 316-318.

5" See, e.g., B. A. Bernhardt et al., “Prenatal Genetic Testing: Content of Discussions between Obstetric
Providers and Pregnant Women,” Obstetrics and Gynecology 91 (1998): 648, 653.

%8 See, e.g., Geller et al., “Genetic Testing for Susceptibility to Adult Onset Cancer,” 1468; Faden and
Beauchamp, A History and Theory of Informed Consent, 319-323; Chapter 4, page 91.

%9 S. Elias and G. J. Annas, “Generic Consent for Genetic Screening,” New England Journal of Medicine
330 (1994): 1611, 1611; Faden and Beauchamp, A History and Theory of Informed Consent, 323-324.

80 See, e.g., Geller et al., “Genetic Testing for Susceptibility to Adult Onset Cancer,” 1468; American
Medical Association Council on Ethical and Judicial Affairs, “Multiplex Genetic Testing,” Hastings Center
Report 28, no. 4 (1998): 15, 17-18; National Institutes of Health-U.S. Department of Energy Working
Group on Ethical, Legal, and Social Implications of Human Genome Research Task Force on Genetic
Testing, Promoting Safe and Effective Genetic Testing in the United States, ed. N. A. Holtzman and M. S.
Watson (Washington, D.C.: National Institutes of Health, 1997), 63; Chapter 3, page 71; Chapter 4, page
92.

61 See American Medical Association Council, “Multiplex Genetic Testing,” 17.



who included medical geneticists and other specialists, incorrectly interpreted results of
genetic tests for colon cancer susceptibility.5? Other studies have found that a significant
percentage of obstetricians/gynecologists and family practitioners do not understand the
circumstances in which cystic fibrosis, one of the more common genetic diseases, is
transmitted from parents to children.%® In light of these findings, some commentators
contend that few physicians in clinical practice have sufficient knowledge to provide the
information necessary for a patient’s consent to predictive genetic testing to be
informed.%* This problem will only grow larger as the number of genetic tests increases.

The Institute of Medicine Committee on Assessing Genetic Risks (the 10M
Committee) recommended that physicians who offer or refer patients for genetic testing
should also offer or refer patients for genetic counseling and education prior to the
testing.®®>  Concerned that most physicians and genetic counselors do not yet have
expertise with genetic susceptibility testing for late-onset disorders, the IOM Committee
also recommended that such testing should be performed by genetic specialists as part of
research projects.®® The American Medical Association believes that physicians should
provide genetic susceptibility testing for breast and ovarian cancer only if they feel able to
provide comprehensive pre- and posttest counseling to their patients.®” If the physicians
do not, they should refer patients to specialized genetics centers.5

Despite these recommendations, many physicians are reluctant to refer patients to
professionals who have both sufficient genetics knowledge and the time to help patients
consider the risks, benefits, and alternatives to genetic testing. In general, fewer
nongeneticists than geneticists believe that it is necessary to provide extensive genetic
counseling to patients about proposed genetic tests.®® In addition, a 1997 study found that
only 17.6 percent of physicians who had ordered genetic tests to detect predispositions to
colon cancer had arranged genetic counseling for their patients beforehand and that only
18.6 percent of all of the patients in the study had received genetic counseling before
being tested.”® Another study found that, notwithstanding the recommendations of the
American College of Obstetricians and Gynecologists, obstetric providers often did not

62 F. M. Giardiello et al., “The Use and Interpretation of Commercial APC Gene Testing for Familial
Adenomatous Polyposis,” New England Journal of Medicine 336 (1997): 823, 824.

8 L. B. Andrews, “Compromised Consent: Deficiencies in the Consent Process for Genetic Testing,”
Journal of the American Women'’s Medical Association 52 (1997): 39, 40.

6 See, e.g., American Medical Association Council, “Multiplex Genetic Testing,” 17; Chapter 12, page
362.

8 Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks: Implications for
Health and Social Policy, ed. L. B. Andrews et al. (Washington, D.C.: National Academy Press, 1994), 14.
% bid., 177.

57 American Medical Association, House of Delegates Resolution H-55.979 (1998).

8 Ibid. For a detailed discussion of the roles of different health care providers in providing genetic
counseling, see Chapter 12.

8 G. Geller and N. A. Holtzman, “A Qualitative Assessment of Primary Care Physicians’ Perceptions about
the Ethical and Social Implications of Offering Genetic Testing,” Qualitative Health Research 5 (1995): 97
(1995).
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refer their patients during their first prenatal visits to genetic providers when concerns
about familial genetic diseases arose.”

Even on those occasions when physicians discuss predictive genetic testing with
their patients, the discussions are often limited. In one study, obstetric providers spent an
average of 2.5 to 6.9 minutes discussing genetic testing with their patients, and their
discussions with patients about amniocentesis and chorionic villus sampling were usually
limited to “the practical details of testing.”’2

Impact of the Informed Consent Process on Predictive Genetic Testing
Decisions

Studies have found that, without being counseled about the risks, benefits, and
alternatives to predictive genetic testing, a majority of individuals indicate that they
would like to take predictive genetic tests to determine their risk for genetic diseases.”
This remains true even when individuals are told that there are no treatments for some of
the diseases.”* However, in one study, women who were “very interested” in undergoing
BRCAL testing became less so after being told about the possibility that adverse results
could be used against them in employment and insurance decisions and “that most breast
cancer was not associated with a BRCA1 mutation.”” In addition, physicians at
Memorial Sloan Kettering Cancer Center in New York report that only 40 percent of
patients who undergo genetic counseling for BRCAL testing actually take the test.”
However, some studies have found that genetic counseling and education did not

"1 Bernhardt et al., “Prenatal Genetic Testing,” 653.

72 |bid., 651, 653.

3 See, e.g., Press Release, “Majority of New Yorkers Would Take Genetic Test for Heart Disease and
Cancer Poll Finds,” Albert Einstein College of Medicine, October 7, 1998, 1 (subjects questioned in
telephone interview without counseling); E. S. Tambor, B. K. Rimer, and T. S. Strigo, “Genetic Testing for
Breast Cancer Susceptibility: Awareness and Interest among Women in the General Population,” American
Journal of Medical Genetics 68 (1997): 43; R. T. Croyle, J. S. Achilles, and C. Lerman, “Psychologic
Aspects of Cancer Genetic Testing: A Research Update for Clinicians,” Cancer 80 (1997): 569, 570-571,;
N. A. Holtzman et al., “Education about BRCA1 Testing Decreases Women’s Interest in Being Tested,”
American Journal of Human Genetics 59 (Supplement) (1996): A56; G. Geller et al., “Informed Consent
and BRCA1 Testing,” Nature Genetics 11 (1995): 3647, 3647.

4 Albert Einstein College of Medicine, “A Majority of New Yorkers Would Take Genetic Test,” 1.
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Testing,” 3647.

6 See G. B. Mann and P. I. Borgen, “Breast Cancer Genes and the Surgeon,” Journal of Surgical Oncology
67 (1998): 267, 272. Other studies have found that the more treatable a genetic condition, the greater
patient uptake for genetic tests that detect those conditions. T. M. Marteau and R. T. Croyle,
“Psychological Responses to Genetic Testing,” British Medical Journal 316 (1998): 693. Thus, it is
reasonable to conclude that counseling patients about treatment options affects their decisions about
whether to undergo testing.



dissuade high-risk patients who are interested in BRCA1 testing from taking the test’” or
change the genetic testing intentions of women at low to moderate risk who had
previously indicated a preference regarding BRCA1 testing.™

One commentator emphasizes that genetic counseling is usually not judged by its
effect on the testing decisions made by individuals, but by whether it has enabled the
individuals to “carefully consider” the consequences of different options.’®

Content of Informed Consent to Predictive Genetic Testing

Researchers have found that consent forms for predictive genetic testing differ
widely in the information they provide and in the language and presentation of the
information.®® Commentators have proposed that providers discuss the following issues
as part of the informed consent process to predictive genetic testing.®!

The Purpose of the Test

Providers should explain what the tests are designed to detect and why they are
performing the tests.®? For example, patients undergoing BRCAL1 testing should be told
that the test detects specific genetic mutations that have been associated with a
predisposition to breast cancer and that the test is being performed to determine whether
the patient has such mutations.®
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A Description of the Testing Process

Health care providers should describe the testing procedure to their patients.8* For
example, if the testing procedure involves the drawing of blood, the provider should tell
the patient about the needle puncture, the amount of blood to be drawn, and that the blood
will be sent to a laboratory for testing.®> The patients also should be given a timetable for
learning the test results.®

The Accuracy of Genetic Tests and the Meaning of Their Results

Providers should explain that predictive genetic tests are not always accurate and
inform patients about the rates of false positive and false negative results.®’
Commentators also suggest that providers should inform patients about the meaning of
positive and negative test results; the test’s ability, or lack thereof, to predict a disease’s
severity; the possible range of severity; and “the possibility that no additional risk
information will be obtained at the completion of the test.”®  Some commentators
suggest that patients should be told that genetic tests cannot predict with certainty
whether a disease will manifest or its age of onset.®°

Risks and Benefits of Genetic Testing

As with other medical procedures, informing patients about the risks and benefits
of predictive genetic testing is a crucial part of obtaining informed consent. Unlike most
medical procedures, however, many of the risks associated with genetic testing do not
result from the procedure itself, that is, the needle stick and the drawing of blood. Rather,
the risks arise from the information that might be revealed by the test results.®® These
risks include the possibility that the information will be used against the patient in
employment or insurance decisions or that it will lead to psychological distress or family
conflicts.®* Benefits of predictive genetic testing may include the ability to better manage

8 Geller et al., “Genetic Testing for Susceptibility to Adult Onset Cancer,” 1470; Institute of Medicine
Committee on Assessing Genetic Risks , Assessing Genetic Risks, 156.
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one’s health — for example, by taking advantage of preventive treatments — and “relief
from uncertainty.”%2

Voluntariness of Testing

Commentators recommend that patients should be told that undergoing predictive
genetic testing is completely voluntary and that the patient’s care will not be adversely
affected regardless of whether consent is provided.%

Options for Risk Estimation Other Than Predictive Genetic Testing

Informed consent to a proposed clinical procedure requires a discussion about
alternatives to the procedure.®® In the context of predictive genetic testing for late-onset
disorders, where the purpose of the testing is to estimate the risk of future illness,
commentators recommend that patients be told about “options for risk estimation other
han genetic testing.”®  For example, the American Society of Clinical Oncology has
suggested that patients who wish to undergo BRCA1 or BRCAZ2 testing should be told
that breast cancer risk also can be estimated using empiric risk tables for breast cancer
based on family history.%

Confidentiality Issues

Genetic test results are private, sensitive information,®” and their improper
disclosure may lead to adverse employment or insurance decisions or other adverse
psychosocial consequences.®® Commentators therefore recommend that a discussion of
confidentiality issues should be part of the informed consent process to predictive genetic
testing.®® Such issues include measures to protect the confidentiality of test results,
patient and third-party access to test results, and the possibility of breaches of
confidentiality by persons to whom the patients release the results.*®
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Available Medical Surveillance and Treatment Options, and Their
Effectiveness, following Testing

Commentators maintain that prior to providing consent for predictive genetic
testing, patients should be told about the treatment and surveillance options, and their
effectiveness, that will be available after testing.!®®  For example, individuals being
tested for Huntington disease should be told that there are currently no treatments for the
disease.  Individuals undergoing BRCAL testing should be told that available
interventions following testing include increased monitoring; prophylactic surgery that
can reduce, but not eliminate, breast or ovarian cancer risk; and prophylactic hormonal
therapy whose efficacy is not clearly established and which poses health risks of its
own.10?

Costs of Testing and Counseling

Commentators recommend that, as part of the informed consent process,
individuals who wish to undergo predictive genetic testing should be told the cost of the
tests.’®®  The American Society of Clinical Oncology also recommends that the
individuals be told the costs of pre- and posttest counseling and follow-up care.*%

Informed Consent to Multiplex Genetic Testing

Multiplex genetic testing is predictive genetic testing for more than one condition
in a single testing session.'® For example, a recent pilot program offered multiplex
prenatal carrier testing for Ashkenazi Jewish couples for gene mutations linked to Tay
Sachs disease, Gaucher disease, and cystic fibrosis. 1% Currently, no multiplex testing is
offered for late-onset disorders, but commentators predict that such testing will take place
in the future.’
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While some commentators maintain that providers should obtain full informed
consent from patients for each test in a multiplex testing panel,'® others suggest that
informing individuals about detailed aspects of multiple tests may cause “information
overload.” These commentators instead propose that providers should obtain one
“generic consent” to all of the tests in a multiplex panel.1% The generic consent process
would highlight broad concepts and common-denominator issues for all the tests.!*® For
example, rather than being told details about each condition tested for, patients who seek
to undergo multiple reproductive carrier tests at one time would be told that the tests will
reveal whether they have an increased risk of having offspring born with certain physical
or mental disabilities.!'! The IOM Committee emphasized that “tests should be grouped
into categories of tests and disorders that raise similar issues and implications, both for
informed consent and for genetic education and counseling.”*!? For example, tests for
untreatable disorders should not be grouped with tests for treatable disorders.!3

Even supporters of the generic consent process do not believe that it should be
used in all circumstances. For example, some maintain that generic consent is
inappropriate if a multiplex panel includes tests for conditions for which an individual at
higher-than-normal risk.}** The IOM Committee contended that health care providers
should use generic consent only when it is not possible for them to supply information
about each of the tests individually.!*

Informed Consent to Pleiotropic Genetic Testing

A single gene mutation can have multiple unrelated effects and can indicate risks for
seemingly unrelated conditions.!® For example, a particular population variant of a gene
called apolipoprotein E (APOE) may aid in determining the proper treatment for coronary
artery disease and also has been associated with a risk for late-onset Alzheimer disease.*’
One commentator has referred to genetic tests for gene variants identified to have multiple,
seemingly unrelated health effects as pleiotropic genetic tests. '8
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Commentators disagree about the informed consent requirements for pleiotropic
genetic tests. One commentator contends that providers have an obligation to disclose to
patients the risks associated with learning information about all of the conditions detected by
the tests.!?® This commentator also maintains that informed consent standards for a
pleiotropic genetic test should be governed by the test’s most “problematic use.”** For
example, because protocols for APOE testing for Alzheimer disease mandate the availability
of pre- and posttest counseling, patient education, and patient support, cardiologists who
perform APOE tests to determine cardiac disease risk for their patients should do so only if
the counseling, education, and support are available.!?*  This commentator recognizes that
the inability of many cardiologists to satisfy the testing requirements of APOE testing’s most
problematic use might force the cardiologists to abandon such testing.'??

Another commentator maintains that genetic counseling and other “special” clinical
services are necessary to obtain informed consent only in the reproductive genetic testing
context, where the historical concerns about eugenics are most prominent, or when there are

“special concerns” about the psychological state of the patient to be tested.’?®* Accordingly,
this commentator argues that, outside of these contexts, a provider who offers a patient a
pleiotropic genetic test need only tell the patient about the different clinical uses of the test
and need not provide any other special counseling or support services.'?*

Individuals who undergo pleiotropic genetic tests to learn about risks for particular
disorders may not want to learn information about predispositions to other disorders that may
be revealed by the tests. Because most commentators agree that predictive genetic testing
should be voluntary’®® and that individuals have a “right not to know” their genetic
information, 2 it follows that they would also agree that individuals have a right not to learn
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all of the information revealed by pleiotropic genetic tests.’?’ However, some commentators
maintain that individuals’ responsibility to family and loved ones can sometimes morally
obligate them to learn their information.?

Informed Consent for Storage and Research Use of Tissue Samples
Obtained in the Clinical Context

For over a century, physicians and scientists have collected tissue samples and
stored them in repositories.'?® Today, there are approximately 282 million stored tissue
samples in the United States, the most common source of which are tissues collected
during clinical medical procedures.*® These stored samples are used by researchers as
their principal source of human biological materials,'3! even though many of the patients
from whom they were taken were not informed that their tissues would be stored and used
for research.!®?

Identified Tissue Samples

Identified tissue samples are samples that have names or other personal identifiers
attached to them that permit researchers to directly identify the individual sources of the
samples.’®® A National Institutes of Health/Centers for Disease Control and Prevention
consensus workshop (the NIH/CDC workshop), the American College of Medical
Genetics (ACMG), and the American Society of Human Genetics (ASHG) agree that
informed consent should generally be required for the storage and research use of
identified tissue samples obtained in the clinical context.®** The ASHG and the
NIH/CDC group maintain that blanket consents that permit researchers to use subjects’
identified tissue samples for any genetic research projects in the future are
inappropriate.t*®
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Some commentators question whether the clinical setting, where subjects already
have complicated matters to consider related to their medical treatment, is the appropriate
environment in which to obtain informed consent for research on identified and
identifiable tissue samples.’®*® The National Bioethics Advisory Commission (NBAC)
states that consent for future research use of an individual’s tissue should be obtained
separately from the consent process to the clinical procedure.’®”  This could be
accomplished by requesting consent for the research use of the samples before or after
patients have provided consent for the clinical procedure.’® The National Action Plan
for Breast Cancer (NAPBC) recommends that patients should be given consent forms for
the storage and use of tissue for research several days before their clinical procedures are
to be performed.’®® Moreover, the NAPBC also emphasizes that patients should be
informed that, no matter what decision they make regarding the use of their tissues for
future research, their care will not be affected.4

Anonymized Tissue Samples

Anonymized tissue samples are samples whose identifiers have been removed and
whose individual sources cannot be identified.2** The samples may contain demographic
data. The ASHG contends that it is unnecessary to obtain patients’ consent to anonymize
their tissue samples, to store the anonymized samples, or to use the anonymized samples
in research.*? In support of this position, some have argued that consent is not necessary
because no harm can come to individuals who cannot be linked to the research.'*3

By contrast, the NIH/CDC workshop;'** the ACMG;** numerous pathology
organizations, including the College of American Pathologists (CAP);!*® and NBAC
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contend that patient consent should be obtained in such circumstances. Some
commentators who support this view argue that individuals can have valid reasons for not
participating in research (for example, religious or cultural reasons) and that individuals
can be harmed by stigma or discrimination if the results of the research are associated
with the population group to which they belong.4®

Coded Tissue Samples

Coded tissue samples are tissue samples that are identified by codes and can be
linked by a third party (a gatekeeper), who is not the researcher, to the individual sources
of the samples.'*® The availability of coded samples for research enables researchers to
perform longitudinal and other studies that are not possible using anonymized samples
and could only otherwise be performed with identified samples. However, unlike
anonymized samples, there is the potential for research results associated with coded
samples to be linked to the patients and disclosed to third parties.’>® Even commentators
who are concerned about this possibility maintain that strict confidentiality procedures
should make the risk of such disclosures minimal.t>

The NIH/CDC consensus workshop, the ACMG, NBAC, and the ASHG agree
that informed consent should generally be required for research on coded tissue samples
obtained in the clinical context.’® By definition, studies that use coded tissue samples
involve researchers obtaining through the gatekeeper health information from the
subjects’ medical records. NBAC contends that, in general, consent issues concerning the
research uses of tissue samples and medical records are similar and that, as a general rule,
research on tissue samples and medical records should be treated similarly.*>®

The ASHG and the NIH/CDC group maintain that “blanket consents that permit
researchers to use subjects’ coded tissue samples for any and all genetic research projects
in the future are inappropriate.”*>* Although NBAC contends that blanket consent for
research on coded samples is generally appropriate, it adds that informed consent should
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be required if the research might be considered sensitive or objectionable, such as studies
involving “certain behavioral genetic protocols” or “studies differentiating traits among
ethnic or racial groups.”**® The Human Genome Organization (HUGO) recommends that
coded tissue samples obtained from a patient during medical care may be stored and used
for research if the patient was “generally notified” of the policy of using such samples for
research and did not object and the samples have been coded.!*®

Federal Regulations for the Protection of Human Research Subjects

Federal regulations dictate the manner in which research involving human
research subjects that is federally funded, regulated, or performed by the federal
government, including genetic research, may be conducted.™ The federal regulations
also cover all research performed by institutions that submit “Multiple Project
Assurances” to the Office of Protection from Research Risks.’® The regulations define
research as “a systematic investigation, including research development, testing and
evaluation, designed to develop or contribute to generalizable knowledge”*>® and cover
research on living persons, identified and identifiable biological samples, and identified
and identifiable medical records from living persons.’®® Research on deceased persons
and on biological samples and medical records that are in the public domain or are
anonymized by researchers are exempt from the regulations.’®* Moreover, under the
regulations, researchers may take already-existing samples that contain identifiers and
anonymize them without seeking the subjects’ consent or approval by an IRB.16?

The regulations require that persons conducting research on identified and coded
tissue samples from living persons obtain the subjects’ informed consent to the research
and IRB approval.®® The Office for Protection from Research Risks, which implements
the regulations,*® has indicated that researchers should use the process model of
informed consent to obtain the subjects’ consent.®
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The regulations permit research on identified or coded tissue samples from living
persons with limited or no informed consent if an IRB determines that: “(1) [t]he research
involves no more than minimal risk to the subjects, (2) [the lack of informed consent]
will not adversely affect the rights and welfare of the subjects, (3) [t]he research could not
practicably be carried out [with informed consent], and (4) [w]henever appropriate, the
subjects will be provided with additional pertinent information after participation.”%

New York State Law on the Protection of Human Subjects

Article 24-A of the New York Public Health Law regulates research on human
subjects in New York State that is not regulated by the federal regulations.’®” Human
research is defined as “any medical experiments, research, or scientific or psychological
investigation, which utilizes human subjects and which involves physical or
psychological intervention by the researcher upon the body of the subject” and are not
performed for the subject’s clinical benefit.!®® A human subject is defined as "any
individual who may be exposed to the possibility of injury, including physical,
psychological or social injury, as a consequence of participation as a subject in any
research” which are greater than those experienced in daily life.!®® Article 24-A law
prohibits “human research” on “human subjects” without the subjects’ written informed
consent.*’®

The law specifically excludes from its coverage research on body tissues and fluids
after they have been removed “in the course of standard medical practice.”*’* For example, a
physician who obtains a blood sample from a patient to determine whether the patient has a
virus and then subsequently uses the blood for biological research is not subject to Article
24-A.1"2 Moreover, since the law requires a “human subject” to be an “individual who may
be exposed to the possibility of injury, including physical, psychological, or social injury as a
consequence of participation as a subject in any research,”*” it arguably permits research on
anonymous samples, samples from which the identifiers have been removed, and samples
from deceased persons without informed consent.
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Article 24-A requires that all human research be approved and monitored by a
“human research review committee,” such as an IRB.1™ All persons who conduct human
research must affiliate themselves with an institution or agency that has such a committee. !’

Conclusions and Recommendations

Necessity of Informed Consent for Predictive Genetic Testing in the Clinical
Context

Predictive genetic testing should not be performed without the informed
consent of the subject of the test, except in the limited circumstances
described below.

Obtaining a patient’s informed consent to medical procedures is both a legal
requirement and a basic principle of medical ethics. Informed consent to predictive genetic
testing is no exception. Unlike many medical procedures, however, most of the risks
inherent in predictive genetic testing are not from the physical dangers of the procedure itself
— which usually involves taking a blood or saliva sample and testing — but from the
consequences of learning the information gleaned from the tests and of the information’s
potential disclosure. This poses a challenge to the traditional informed consent rubric,
which, for the most part, focuses on informing the patients about the physical risks and
benefits of, and alternatives to, particular procedures. Nonetheless, the basic purposes of
informed consent — such as promoting patient autonomy, avoiding fraud and duress, and
facilitating rational decision-making by patients!’® — apply with equal force in the predictive
genetic testing context.

Power of the Commissioner of Health

New York law should be amended to authorize the Commissioner of
Health to issue regulations on the process and content of informed
consent to predictive genetic testing. Those sections of New York’s
existing genetic testing statutes that list specific elements of informed
consent should be replaced with this general authorization.

Advances in genetic testing are occurring at an explosive rate, and the complexity of
the medical and psychosocial ramifications of such testing is increasing concomitantly.
Detailed legislation on informed consent requirements for predictive genetic testing is
insufficiently flexible to be responsive in this ever-changing environment. We believe that

174 |bid., §§ 2444(1), 2444(2), 2444(3).

175 |bid., § 2444(2).

176 B, R. Furrow et al., Health Law: Cases, Materials and Problems, 3d ed. (St. Paul, MN: West, 1997),
397.



the Commissioner of Health, with the expertise of the New York State Department of Health
at his or her disposal, is in the best position to monitor developments in predictive genetic
testing and to amend informed consent requirements as needed through regulation.’” Thus,
we recommend that New York’s genetic testing statutes should be amended to replace the
detailed list of required informed consent disclosures with general authorization for the
Commissioner of Health to regulate the process and content of informed consent.

Content of Informed Consent for Predictive Genetic Testing in the Clinical
Context

Assuming that New York law is amended to authorize the
Commissioner of Health to regulate informed consent to predicative
genetic testing, the Commissioner should require the following
information to be provided to the patient before obtaining the
patient’s consent (elements currently not required by New York law
are italicized).

The purpose of the test

Providers should explain what the tests are designed to detect and why
they are performing the tests. For example, patients undergoing BRCA1
testing would be told that the test detects specific genetic mutations that
have been associated with a predisposition to breast cancer and that the
test is being performed to determine whether the patient has such
mutations.

A general description of the testing process

For example, if the testing procedure involves the drawing of blood, the
provider should tell the patient about the needle puncture, the amount of
blood to be drawn, and that the blood will be sent to a laboratory for
testing. The patients also should be given a realistic timetable for learning
the test results.

A description of the diseases or conditions tested for, including
their ranges of severity

To make an informed decision about whether to undergo a particular
predictive genetic test, a patient needs to be informed about the disease or
condition whose chances of occurring the test is designed to assess. The
range of severity of the disease or condition is an important factor in
deciding whether to undergo testing.

17 For our recommendation on the creation of a genetics advisory committee by the Commissioner of
Health, see Chapter 11, page 341.



e The risks and benefits of, and the alternatives to, the predictive
genetic test

Information about the risks and benefits of, and alternatives to, medical
procedures is an integral part of informed consent. The risks and benefits
of a predictive genetic test should include not only the physical risks
associated with the testing procedure, but also the psychosocial risks such
as psychological distress from positive, negative, and indeterminate
results; adverse use of the results in insurance and employment decisions;
social stigma; learning incidental information about oneself and one’s
family (such as mispaternity); and unconsented-to disclosures of test
results. 18 Examples of possible benefits are early detection and treatment
of disease. An example of a possible alternative to predictive genetic
testing is the use of empiric risk tables for estimating a patient’s likelihood
of developing a particular disease.

e Confidentiality issues, including confidentiality protections, the
circumstances under which results of tests may be disclosed
without the patient’s consent, and the names of the persons,
categories of persons, and/or organizations to whom the
patient has consented to disclose the results.

One of the greatest concerns that patients have about undergoing
predictive genetic testing is that the test results will be disclosed to
persons, such as employers and insurers, without the patient’s consent.
Health care providers should inform their patients about the confidentiality
protections they provide for genetic information and that some persons or
organizations, such as quality assurance reviewers and government
inspectors, may have access to the patient’s predictive genetic testing
records without the patient’s consent. Although health care providers
should not be expected to provide legal advice, they should give their
patients a general overview of the confidentiality protections provided by
law for predictive genetic test results and refer them to appropriate
government agencies or other professionals for more information.

e Protections against adverse uses of genetic information

Many patients are concerned that their predictive genetic test results may
be used against them by employers and insurers, and as noted above, they

178 For a more detailed discussion of the psychosocial risks associated with predictive genetic testing, see
Chapter 3, pages 56 and 68.



should be informed about the risk of such uses. Health care providers
should give their patients a general overview of the legal protections
against the use of genetic information in insurance and employment
decisions and refer them to appropriate government agencies or other
professionals for more information.

e The chances of false positive and false negative results

All laboratory tests, including predictive genetic tests, are subject to some
error.’”® Providers should explain to patients that predictive genetic tests
are not always accurate and should inform patients about the rates of false
positive and false negative results.

e The meaning of both positive and negative results

New York law requires that, as part of informed consent to predictive
genetic testing, health care providers explain the level of certainty that a
positive test result serves as a predictor of the particular disease or
condition tested for, that is, the test’s clinical validity.'® However,
informing patients about the meaning of a negative test result is equally as
important. In many circumstances in which healthy adults are tested to
determine future disease risks, a negative result does not mean that the
patient does not have a risk of developing a particular disease. It means
only that the patient has not inherited the particular mutations the test is
able to detect. The patient would still be at risk of developing the disease
due to environmental factors or genetic factors not detected by the
particular test.

e The ability, or lack thereof, of the test to predict the disease’s
severity and age of onset

Information about the limits of the predictive power of genetic tests is an
important part of the process of informed consent. Many predictive
genetic tests cannot predict the disease’s severity, and/or the age of onset.
Reproductive testing for Gaucher disease cannot determine where, along a
broad range of severity, an individual’s offspring may be affected

179 See, e.g., N. A. Holtzman, Proceed with Caution: Predicting Genetic Risks in the Recombinant DNA
Era (Baltimore: Johns Hopkins University Press, 1989), 92-93; Chapter 2, page 41 (discussion of analytical
validity).

180 For a discussion of clinical validity, see Chapter 2, page 41.



The possibility that no additional risk information will be
obtained at the completion of the test

In some circumstances, predictive genetic tests results may not reveal
additional risk information. For example, BRCAL tests can detect
mutations within the BRCAL gene whose possible effects on future health
are not yet known. Chromosomal fetal cell analysis may disclose results
of uncertain clinical significance.  Patients who are contemplating
predictive genetic testing should be informed about these sorts of
possibilities.

Available medical surveillance, treatment, and/or reproductive
options following testing

Patients may make different decisions about undergoing predictive genetic
testing depending on the availability of medical interventions or
reproductive options following testing. Some patients might be more
willing to take predictive genetic tests for conditions that are treatable than
for those that are not. Similarly, for patients who are concerned that they
may be carriers of genetic mutations that cause diseases in offspring, such
as cystic fibrosis, the possibility of avoiding disease transmission through
assisted reproductive technologies may be an important factor in some
patients’ decisions.

A statement that, prior to providing informed consent to
genetic testing and after receiving the results, the individual
may wish to obtain professional genetic counseling

Although the provider who orders a predictive genetic test has the
responsibility to obtain the patient’s informed consent and to explain the
meaning of the test results, the provider should tell the patient that
professional genetic counselors may be available to discuss the issues
involved in greater depth. Health care providers should encourage patients
to seek such counseling if it is available in the patient’s community.

The risks of transmitting the relevant mutation to children and
that the mutation may be present in other blood relatives

A patient’s decision about whether to undergo predictive genetic testing to
learn about his or her own genetic disease risk may be affected by learning
the risks of transmitting the relevant mutation to his or her children and
that the mutation may be present in blood relatives. For example, some



patients might decline to undergo testing to avoid the responsibility of
having to decide whether to disclose information about familial mutations
to relatives.

e A statement that no tests other than those authorized will be
performed on the biological sample and that the sample will be
destroyed at the end of the testing process, or not more than a
specific period of time after the sample was taken, unless the
subject consents to a longer period of storage.

Medical facilities should not be permitted to store an individual’s
biological samples without informed consent.  Accordingly, in the
predictive genetic testing context, the samples should be destroyed at the
end of testing process or, at the very latest, at some specified period of
time after the sample was taken, unless the person who provided the
sample consents to a longer period of storage.

e That the test is voluntary

Patients should be told that they are under no obligation to undergo
predictive genetic testing. Patients should also be told that they can
request that the testing process end at any time and that providers will
comply, and will use reasonable efforts to have the testing laboratories
comply, with the request.

e An offer to answer inquiries

Patients should have the opportunity to talk with their health care
providers about the predictive genetic tests they are considering, and they
should be encouraged to ask questions.

e The fees charged for the laboratory tests and pre- and posttest
counseling

Before consenting to predictive genetic testing, patients should be
informed of its cost, as well as any additional costs associated with
counseling.

Sufficiency of Signed Informed Consent Form as Evidence of Informed
Consent

Assuming that New York law is amended to authorize the
Commissioner of Health to regulate informed consent to predictive
genetic testing, the Commissioner should require that health care
providers disclose the information described above in a manner that



will enable the patient to make a knowledgeable evaluation. A signed
informed consent form is not necessarily sufficient evidence that this
goal has been achieved.

Obtaining informed consent to medical procedures involves more than having
patients sign informed consent forms. Health care providers must communicate
information to patients in a manner that allows the patients to make a knowledgeable
evaluation. While New York’s general law on informed consent to medial procedures
mandates this standard of communication, New York’s genetic testing laws could be
interpreted to define informed consent as merely a signature on an informed consent
form.’8! We believe that the standard of communication for informed consent to testing
should be made consistent with the standard that applies to medical procedures generally.

Use of Decision Aids in the Informed Consent Process

Health care providers are encouraged to use decision aids, such as
written materials, videos, group discussions, and CD-ROMs, as part
of the informed consent process to predictive genetic testing.
However, health care providers should not use decision aids as a
substitute for discussing predictive genetic testing issues with their
patients.

Decision aids such as videos and written materials have been shown to help patients make
more informed decisions about undergoing medical treatments.’®2 The use of
decision aids in the predictive genetic testing context appears to have a similar
effect.’8 In view of the complexity of the information that patients must weigh in

181 See page 183, this chapter.

182 See A. M. O’Connor et al., “Decision Aids for Patients Facing Health Treatment or Screening Decisions:
Systematic Review,” British Medical Journal 319 (1999): 731; A. Edwards and G. Elwyn, “The Potential
Benefits of Decision Aids in Clinical Medicine,” Journal of the American Medical Association 282 (1999):
779.

18 See G. McGee and C. Malik, “New Media: Breast Cancer Counseling,” Journal of the American
Medical Association 281 (1999): 1652, 1652 (positive review of CD-ROM program to aid in informing
patients about genetic testing for predisposition to breast cancer); A. Cull et al., “The Use of Videotaped
Information in Cancer Genetic Counseling: A Randomized Evaluation Study,” British Journal of Cancer 77
(1998): 830 (1998) (videotape); B. Cheuvront et al., “Psychosocial and Educational Outcomes Associated
with Home- and Clinic-Based Pretest Education and Cystic Fibrosis Carrier Testing among a Population of
At-Risk Relatives,” American Journal of Medical Genetics 75 (1998): 461 (use of educational pamphlet at
home); C. Lerman et al., Controlled Trial of Pretest Education Approaches to Enhance Informed Decision-
Making for BRCA1 Gene Testing,” Journal of the National Cancer Institute 89 (1997): 148 (comparing an
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Green and N. Fost, “Who Should Provide Genetic Education prior to Gene Testing? Computers and Other
Methods for Improving Patient Understanding,” Genetic Testing 1 (1997): 131 (proposing the use of
computer-based education for patients considering genetic testing); M. J. Green and N. Fost, “An



deciding whether to undergo predictive genetic testing, we encourage health care
providers to use decision aids as part of the informed consent process. However,
decision aids cannot replace actual interaction between health care providers and
their patients, and health care providers should not use decision aids as a
substitute for discussing predictive genetic testing issues with their patients.

Persons Required to Obtain Informed Consent

Assuming that New York law is amended to authorize the
Commissioner of Health to regulate informed consent to predictive
genetic testing, the Commissioner should require that the person who
orders a predictive genetic test has the obligation to ensure that the
subject’s informed consent is obtained.

New York’s genetic testing law currently prohibits the performance of predictive
genetic tests on biological samples without the subject’s prior written informed consent.
However, it is the health care provider who orders the test'8* — not the laboratory that
performs it — who interacts with the patient and is responsible for the quality of the
patient’s care. Accordingly, it should be the responsibility of the health care provider to
obtain the subject’s informed consent.

Responsibility of Testing Laboratories

The New York State Department of Health should permit clinical
laboratories to perform predictive genetic tests on biological samples
only if the laboratories receive assurances that the subjects provided
informed consent for the tests.

Genetic testing laboratories currently perform virtually all predictive genetic
testing and can play an important role in helping to ensure that informed consent for the
testing has been obtained. Under its authority to regulate laboratories,'® the New York
State Department of Health should prohibit licensed laboratories from performing
predictive genetic tests on biological samples unless the laboratories have received
assurances from the persons ordering the tests that the subjects have provided informed
consent for the tests. The department should issue regulations describing the nature of
the assurances that the laboratories need to obtain. In the absence of such assurances,
laboratories should stabilize the specimens and contact the providers to determine

Interactive Computer Program for Educating and Counseling Patients about Genetic Susceptibility to Breast
Cancer,” Journal of Cancer Education 12 (1997): 204 (discussing a CD-ROM developed to help patients
decide whether to undergo genetic testing for breast cancer susceptibility).

184 See 10 NYCRR § 58-1.7(b) (1999) (listing persons who are authorized to submit biological samples to
clinical laboratories for diagnostic testing).

185 For a discussion of the New York State Department of Health’s power to oversee laboratories, see
Chapter 11, page 321.



whether informed consent has been or can be obtained. The providers should bear the
expense of the samples’ stabilization.

Professional Guidelines on the Process and Content of Informed Consent for
Predictive Genetic Tests

Professional organizations should issue guidelines on the process and
content of informed consent for specific predictive genetic tests and
should create model consent forms that are consistent with existing
law and contain the information necessary for patients to make
informed decisions about undergoing predictive genetic testing.

Given the variety and number of predictive genetic tests, general guidelines on the
content and process of informed consent to such tests are helpful, but have only limited
utility. Professional organizations, such as the American Society of Human Genetics, have
the collective expertise to draft detailed informed consent guidelines for specific predictive
genetic tests, and we recommend that they do so.

Health Care Providers Qualified to Order Predictive Genetic Tests

Health care providers should order predictive genetic tests only when (1)
they know the circumstances under which it is appropriate to order them
and the meaning of their results, (2) they are capable of providing their
patients with sufficient information to make informed decisions about
undergoing the tests, and (3) they are able to provide their patients with
comprehensive pre- and posttest counseling or can refer their patients to
professionals who are able to do so.

As predictive genetic testing becomes more prevalent, physicians who are not genetic
specialists will increasingly be called upon to make recommendations to their patients about
such testing. At present, physicians appear to be cautious about ordering predictive genetic
tests.’® This caution is commendable, as most physicians are not sufficiently proficient in
genetics to know the proper circumstances for ordering predictive genetic tests, the meaning
of genetic test results, and the method for explaining the results to their patients. We believe
that only health care providers who have such knowledge should order predictive genetic
tests.

186 See V. Foubister, “Lapses in Practice, Oversight Undercut Genetic Testing,” American Medical News,
October 18, 1999, 8, 10.



Informed Consent to Multiplex Genetic Testing

Ideally, a patient’s full informed consent should be obtained to
each test on a multiplex panel prior to testing. However, generic
consent to multiplex testing is appropriate if (1) the number of tests on
the panel is so high or the information about the tests is so
complicated that attempting to obtain full informed consent from the
patient to each test would be confusing or otherwise burdensome to
the patient; (2) the tests on the panel meet all of the criteria described
in Chapter 5 for inclusion in a multiplex panel; (3) the patients are
informed, prior to testing, that more detailed information about each
test is available; and (4) the patients are given an opportunity to
obtain that information prior to testing either from the health care
provider offering the multiplex panel or from another health care
professional. Assuming that New York law is amended to authorize
the Commissioner of Health to regulate informed consent to
predictive genetic testing, the Commissioner should permit generic
consent to multiplex genetic testing under these circumstances.

As the number of tests physicians use in routine clinical practice grows, it
will become difficult as a practical matter for physicians to provide patients with detailed
information about all of the tests they offer. In addition, the utility of giving patients all
of this information is questionable since information overload may prevent the patients’
consent from being truly informed.

As discussed in Chapter 5, multiplex panels should be limited to genetic tests (1)
that have a high level of analytical validity, clinical validity, and clinical utility; (2) whose
results will not have significant psychosocial ramifications; and (3) to which the vast
majority of people would consent if they were fully informed.'8" 1t is appropriate to use
generic consent for multiplex genetic testing if these criteria are satisfied.

The generic consent process would highlight broad concepts and common-
denominator issues for all the tests.

Special Issues Related to Pleiotropic Information

Before offering a predictive genetic test to a patient, providers should
give the patient all information necessary for the patient to provide
informed consent to the intended use of the test, that is, information
relevant to any condition about which the patient intends to receive
test results. If the test also may reveal confirmed, clinically valid
information about conditions for which the patient has not sought

187 See Chapter 5, page 138.
188 Elias and Annas, “Generic Consent for Genetic Screening,” 1612.



testing, the provider should inform the patient of this fact, specifying
(1) the condition(s) about which the test may reveal information; (2)
the consequences of having this additional information in his or her
medical record; and (3) opportunities, including genetic counseling,
for the patient to obtain further information about aspects of the test
unrelated to its intended use. If the patient expresses an interest in
learning how his or her test results relate to conditions for which
testing was not originally sought, the provider should ensure that the
patient provides informed consent to obtaining this additional
information. Providers should respect patients’ right not to learn
pleiotropic information revealed by genetic tests.

Information about multiple health conditions sometimes will be an unwanted by-
product of genetic testing. For example, testing for a particular variant of the APOE gene
may help guide treatment for coronary artery disease, but some variants also have been
associated with an increased risk for late-onset Alzheimer disease. Because there are
currently no treatments for Alzheimer disease, patients who undergo an APOE test for
purposes of cardiac treatment may not want to learn how their test results relate to their
risk of developing Alzheimer disease. Providers should respect the wishes of patients not
to learn this unwanted information.

However, in order to ensure that patients understand the consequences of
undergoing genetic tests that may reveal pleiotropic information, physicians should
inform their patients, prior to testing, about the possibility that the test may reveal
information about conditions for which the patients have not sought testing. Providers
also should warn their patients about the consequences of having this information in their
medical records, including the possibility that the information may be used against them
by insurers or employers.

I the patient expresses an interest in learning how his or her test results relate to
conditions for which testing was not originally sought — for example, if a patient
undergoing an APOE test to guide treatment for coronary artery disease expresses an
interest in learning how her test results affect her risk of developing Alzheimer disease —
the patient should be fully informed of the risks and benefits of learning this additional
information. Physicians unable to do this should refer the patient to other health care
professionals who can.

Professional organizations should create guidelines about informed consent
to genetic tests that reveal pleiotropic information.



Court Orders for Predictive Genetic Testing

New York law should be amended to permit courts to order predictive
genetic testing without the subject’s consent only when (1) absent the
testing, there would be a clear and imminent danger to the public health;
(2) such testing is authorized by federal and/or New York State statutes
or regulations; or (3) in a civil or criminal litigation, the subject
affirmatively places his or her physical or mental condition at issue and
the predictive genetic testing directly relates to that physical or mental
condition.

New York law currently permits courts to issue orders compelling
predictive genetic testing after weighing “the privacy interests of the individual subject of
the genetic test and of close relatives of such individual,” as well as “the public
interest.”'® This test is too permissive and malleable and does not sufficiently take into
account the common law, statutory, and constitutional right of individuals to refuse to
undergo medical procedures.’®® In place of this standard, we recommend that court-
ordered predictive genetic testing should be permitted only in the circumstances listed
above.!%!

Private Civil Remedies for the Performance of Predictive Genetic Testing
without Informed Consent

New York law should be amended to expressly authorize private
lawsuits by subjects of unconsented-to predictive genetic tests against
persons who order and/or perform the tests. In cases where the tests
are performed without consent due to negligence, the subjects should
be authorized to recover actual damages for physical, emotional,
and/or financial harms they suffer as a result. In cases where the tests
are performed with knowledge that no informed consent has been
obtained or are performed without consent due to recklessness,
victims should be authorized to recover actual damages for physical,
emotional, and/or financial harms; punitive damages (in appropriate
cases); and attorneys’ fees. In cases where the unconsented-to testing
is ordered and/or performed willfully (i.e., with knowledge that
testing without informed consent is illegal), the subjects should be
authorized to recover statutory damages even without proof of actual
damages. New York law also should be amended to permit
individuals to obtain injunctive relief to prevent unconsented-to
predictive genetic testing and unauthorized use and/or retention of the
results of such testing.

189 See page 184, this chapter.

190 See page 179, this chapter.

191 An example of when genetic testing is required by statute is New York’s newborn screening law. See
N.Y. Pub. Health Law §2500-a (McKinney 1999); Chapter 5, page 149.



Subjecting individuals to predictive genetic testing without their informed consent
violates their privacy and personal autonomy. In addition, the results of such testing
could be used against them by insurers and others. The $1,000 and $5,000 fines currently
authorized in the genetic testing statutes are too low to serve as effective deterrents, and,
in any event, outside of the insurance context, they may be recovered by the state only if
the violations are proven beyond a reasonable doubt.

We believe that individuals who have been subjected to predictive genetic testing
without their consent should be compensated for the damages they suffer as a result.
Because it is currently unclear whether New York law allows for such recovery, we
recommend that New York law be amended to authorize it in cases where the failure to
obtain informed consent was a result of negligence. Individuals who intentionally order
or perform predictive genetic testing knowing that no informed consent has been
obtained, or do so recklessly, are more culpable, and therefore should be subject to
punitive damages in appropriate cases. Persons who know that informed consent has not
been obtained for predictive genetic testing and perform it knowing that such testing is
illegal, or persons who, for financial gain, intentionally or recklessly perform predictive
genetic testing without informed consent should be subject to statutory damages as well.
Statutory damages should be set high enough to dissuade individuals from violating the
informed consent requirements of the genetic testing statutes. The standard of proof for
recovery should be a preponderance of the evidence.

Power of the Attorney General

New York law should be amended to authorize the Attorney General
to bring lawsuits on behalf of individuals who have undergone
predictive genetic testing without informed consent. New York law
also should authorize the Attorney General to bring lawsuits to
prevent such unconsented-to testing. The Attorney General should be
empowered to seek whatever relief individuals could seek if they
brought the lawsuits themselves.

Individuals may not have the resources to bring lawsuits to protect their informed-
consent rights under New York’s genetic testing statutes. Because society as a whole
benefits from the vigorous enforcement of informed consent protections, the Attorney
General, as New York’s chief legal officer, should have the authority to bring lawsuits on
behalf of those unable or unwilling to sue themselves.



Professional Discipline and Other Sanctions for Performing Predictive
Genetic Tests without Informed Consent

Persons and organizations licensed by New York State should be
subject to professional discipline and/or other sanctions, including
fines and license suspension and revocation, for performing or
ordering predictive genetic testing without informed consent.

Individuals and organizations who are licensed or certified by New York State,
such as physicians, insurance companies, and health care organizations, are expected to
follow the law. The possible suspension or loss of a license for performing predictive
genetic testing without obtaining informed consent can act as a powerful deterrent against
such violations. Moreover, like actions by the Attorney General, disciplinary proceedings
provide a mechanism for enforcing the informed consent provisions of the genetic testing
laws that does not depend on the willingness of private parties to pay the costs associated
with litigation.

Research on Tissue Samples Obtained in the Clinical Setting

New York’s law on the protection of human research subjects should
be amended to cover research on tissue samples obtained in the
clinical context. The amendment should apply only to tissue obtained
after the amendment’s effective date.

Unlike the federal regulations, New York’s law on the protection of human
research subjects applies only to tissue samples obtained specifically for research, not to
samples obtained in the clinical context. Because concerns about individual autonomy
and inappropriate disclosure of research results apply in both situations, the law should be
amended to cover tissue samples regardless of the tissue’s origin.

Research Use of Identified Tissue Samples Obtained in the Clinical Context

New York’s laws on human subject research should be amended to
permit research on identified tissue samples obtained in the clinical
context only after the subjects have provided full informed consent to
the research and an institutional review board has reviewed and
approved the research protocol. The amendment should apply to all
tissue obtained after the amendment’s effective date.

Because the results of research on identified tissue samples will directly be linked
to patients, such research should only be permitted after the subjects have provided their
full informed consent to specific research projects that will use their identified samples.!%

192 New York’s genetic testing statutes require full informed consent to genetic testing in the research
context. See page 183, this chapter.



Research Use of Anonymized Tissue Samples Obtained in the Clinical
Context

New York’s laws on genetic testing and the protection of human
research subjects should be amended to permit research on
anonymized tissue samples obtained in the clinical context only after
an institutional review board has reviewed and approved of the
protocols of such research. The institutional review board review
should ensure that the samples are or will be truly anonymized and
should determine whether the research is of such a sensitive nature
that it is inappropriate to use anonymized samples without having
obtained the subjects’ specific consent to the research. The
amendment should apply to all tissue obtained after the amendment’s
effective date.

Research on human tissue samples obtained in the clinical setting has brought
about great advances in medicine, and society has a strong interest in ensuring that such
research continues. Because of the possibility of group harms arising from research
results,®* and out of respect for the individual autonomy of patients,'®* some
commentators maintain that tissue samples obtained in the clinical context should be used
for research only if the health care provider has obtained the patient’s consent to such use
— even if the sample will be fully anonymized.%

While we are sympathetic to these concerns, we believe that requiring patient
consent to the use of tissue samples in anonymized research is not the best way to balance
the competing interests at stake. First, for a consent requirement to be effective, systems
would have to be developed to ensure that researchers use only those samples for which
documentation of the patient’s consent exists. This would mean that all tissue samples
obtained in the clinical setting would have to be accompanied by written consent forms,
and laboratories would have to segregate samples for which consent to future research use
was not obtained. Such systems would impose tremendous administrative burdens,
particularly for routine procedures, such as blood draws, where obtaining written consent
is not currently standard practice. Because clinicians, who are generally not researchers,
would have little incentive to comply with these administrative requirements, it is likely
that many tissue samples obtained in the clinical setting would be stored without proper
documentation; these samples would then be unavailable for subsequent research use.
The result, therefore, of requiring patient consent to the use of tissue samples in

193 For a discussion of group harms, see Chapter 3, page 72.

194 See E. W. Clayton, “Panel Comment: Why the Use of Anonymous Samples for Research Matters,”
Journal of Law, Medicine and Ethics 23 (1995): 375, 376.

195 bid.



anonymized research would be that the pool of samples available to researchers might
decrease substantially, which could seriously jeopardize the ability to perform large-scale
epidemiological studies.

At the same time, requiring patient consent to the use of tissue samples in
anonymized research would do little to protect individual rights. By definition, the results
of anonymized research cannot be linked to the sources of the tissue samples, so use of
the tissue cannot lead to direct individual harm. While it is possible that anonymized
research will lead to group harms, such as stigma based on membership in a particular
ethnic category, few patients will be aware of this possibility unless they are given
substantial information about the nature of genetic research — something that is unlikely
to happen in the routine clinical encounter. Thus, requiring individual patient consent to
anonymized tissue research would do little to prevent stigmatizing group research from
taking place.

In light of the significant benefit of research to society, and our belief that most
patients would consent to the research use of their tissues samples if all identifying
information is removed, we believe that consent to the research use of tissue samples
obtained in the clinical setting should be presumed if the samples will be anonymized
before the research. To protect the interests of patients as both individuals and members
of groups, such research should not proceed without the approval of an IRB. Before
approving anonymized research with tissue samples obtained in the clinical setting, the
IRB should determine (1) that the samples are or will be truly anonymized and (2) that the
use of samples for which specific subject consent has not been obtained is appropriate,
given the nature and potential consequences of the particular protocol. In making this
second determination, the IRB should consider the possibility of group harms associated
with the research, as well as whether the research involves particularly sensitive issues
(e.g., research on cloning) about which it is inappropriate to presume that most subjects
would consent if fully informed.

If a patient objects to the use of his or her tissue sample for anonymized research,
providers and researchers should make a good faith effort to comply.

Research Use of Coded Tissue Samples Obtained in the Clinical Context

New York’s laws on human subject research and genetic testing
should be amended to permit research on coded tissue samples
obtained in the clinical context only if (1) the patients have agreed to
the storage and research use of their coded samples; (2) the patients
have been told about the operation, tissue release policies, and
confidentiality protections of the tissue repository; and (3) an
institutional review board has reviewed and approved of the protocols
of such research. The institutional review board review should ensure
that the samples are or will be truly coded and should determine
whether the research is of such a sensitive nature that it is



inappropriate to use coded samples without having obtained the
subjects’ specific consent to the research. The coding of the samples
should be performed by a person who is not connected to the research
and who will not learn the individual results of the testing. That
person should have the sole authority to use the codes to obtain
patient information, other than identifying information, for the
researchers. The amendment should apply to all tissue obtained after
the amendment’s effective date.

Because of the possibility, however remote, that coded tissue samples could be
linked to patients, we believe that requiring patient consent to such research is
appropriate. However, given the nature of coded research, a requirement of full informed
consent to every genetic test or research project should not be required.

Unlike identified samples, appropriately coded samples sufficiently protect the
identity of individuals so that they will rarely, if ever, be subject to individual harms as a
result of research. Thus, we believe that individuals should be given the option of
providing a general authorization for the future use of their tissue samples in coded
research. Before providing such consent, the patients should be told about the operation,
tissue release policies, and confidentiality protections of the tissue repositories where the
samples will be stored.

To protect the interests of patients as both individuals and members of groups, such research should not
proceed without the approval of an IRB. Before approving coded research with tissue samples
obtained in the clinical setting, the IRB should determine that (1) the samples are or will be truly
coded; and (2) the use of samples for which specific subject consent has not been obtained is
appropriate, given the nature and potential consequences of the particular protocol. As an additional
protection of the patients’ anonymity, the coding of the samples should be performed by a person who
is not connected to the research and who will not learn the individual results of the testing. That person
should have the sole authority to use the codes to obtain patient information, other than identifying
information, for the researchers.

This system respects individual autonomy because patients are fully informed
about the protections the repository affords their coded samples and have the ability to
prohibit research on the samples. At the same time, it enables researchers to perform
longitudinal and other studies that are not possible using anonymized samples and could
only otherwise be performed with identified samples.

Voluntariness of Participation in Research on Tissue Samples Obtained in
the Clinical Context

Patients should be informed that their decision about whether to
consent to the research use of their coded and/or identified tissue



samples is wholly voluntary and that their decision will not affect
their access to or quality of care.

Consent to the research use of coded and/or identified tissue samples obtained in
clinical procedures should be entirely voluntary. Patients should be informed that their
decision about whether to consent to the research use of such samples is wholly voluntary
and that their decision will not affect their access to or quality of care.

Encouraging Patient Authorization for the Use of Tissue Samples for
Research

Institutions should encourage clinicians to ask patients to consider
authorizing the use of their tissue for research purposes, and
clinicians should do so when they deem it appropriate.

The availability of tissue samples is crucial for continued medical and scientific research. Although we
recommend that institutions encourage physicians to ask patients to consider donating tissue samples,
we emphasize that physicians should not do so in a coercive manner.
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Predictive Genetic Testing of Children

When susceptibility to a genetic disorder is discovered within a family, parents
may seek predictive genetic testing of their minor children. Parents may request testing to
obtain a medical benefit for the child, to reduce uncertainty about the child’s future
disease risk, and/or to make life-planning decisions. In some cases, adolescent children
may seek testing themselves, generally to make life-planning decisions and “to
consolidate a developing self-identity regarding work or parenthood.”* For genetic
susceptibility or carrier testing, the same benefits and risks associated with testing of
adults apply,? but they may have different ramifications when the person tested is a
minor. Additional concerns relate to issues of parental autonomy versus the future
autonomy of the minor and questions about the minor’s capacity and role in the decision-
making process.®

! D. C. Wertz, J. H. Fanos, and P. R. Reilly, “Genetic Testing for Children and Adolescents: Who
Decides?” Journal of the American Medical Association 272 (1994): 875.

2 See page 221, this chapter.

3 See page 226, this chapter.



Requests for Predictive Testing of Children and Adolescents

Requests to perform genetic testing of healthy children to determine carrier status
or future risk for late-onset disorders are not rare. For example, 44 percent of 1,084
surveyed genetics service providers in the United States reported that they had received
requests to test children for adult-onset disorders.* In a national survey of 105
laboratories that perform DNA-based genetic testing, the majority of laboratories that
offered presymptomatic testing for one or more of twelve late-onset disorders, including
Huntington disease and familial colon cancer, reported that they had received requests for
testing of healthy children or adolescents.> A majority of laboratories that offered carrier
testing for one or more of six recessive disorders, including cystic fibrosis, received
requests for testing of healthy children age twelve or younger.®

Surveys of the public and of health care providers indicate support for parental
control over decisions about predictive testing of minor children. In one survey, 53
percent of adults thought parents should be able to have their children tested “for genetic
conditions that may appear later in life” even if the conditions tested for were not
preventable or treatable and even if testing “might lead to emotional problems or cause
people to be prejudiced against the child.”” In two surveys of women at increased risk for
breast cancer due to family history, one-third or more of those surveyed thought parents
should be able to test their minor children for inherited BRCA gene mutations.® A survey
of physicians and nurse practitioners obtained a similar result: Over one-third of each

4 D. C. Wertz, “Society and the Not-So-New Genetics: What Are We Afraid Of? Some Predictions from a
Social Scientist,” Journal of Contemporary Health and Law Policy 13 (1997): 299.

>D. C. Wertz and P. R. Reilly, “Laboratory Practices for the Genetic Testing of Children: A Survey of the
Helix Network,” American Journal of Human Genetics 61 (1997): 1163, 1164-1165. With the exception of
testing for Huntington disease — a nonpreventable, nontreatable, neurodegenerative adult-onset disorder
that is virtually 100 percent penetrant — few laboratories reported ever refusing to perform a test based on
the age of the patient. For some disorders included in the survey, such as familial colon cancer, testing
prior to the age of majority may have a medical benefit.

6 Ibid., 1165-1166.

" Wertz, “Society and the Not-So-New Genetics,” 303 (citing results of a Roper-Starch Worldwide survey
of 988 adults). See also D. C. Wertz, “Testing Children: Current Trends,” GenelLetter (July 2000),
website: http:// www.geneletter.com, visited July 17, 2000.

8 J. L. Beckendorf et al., “Patients’ Attitudes about Autonomy and Confidentiality in Genetic Testing for
Breast-Ovarian Cancer Susceptibility,” American Journal of Medical Genetics 73 (1997): 296, 298; G.
Geller et al., “Decision-Making about Breast Cancer Susceptibility Testing: How Similar Are the Attitudes
of Physicians, Nurse Practitioners, and At-Risk Women?” Journal of Clinical Oncology 16 (1998): 2868.
Beckendorf et al. report that 88 percent of 238 unaffected women who had at least one first-degree relative
with breast and/or ovarian cancer agreed that parents should be able to consent to susceptibility testing on
behalf of their minor children. Geller et al. surveyed 426 women at increased cancer risk due to family
history; 37 percent supported testing a thirteen-year-old daughter of a BRCA mutation carrier.



group supported predictive genetic testing of a thirteen-year-old daughter of a mother
identified to have a BRCA gene mutation.’

Legal Background

Authority of Minors to Consent to Medical Treatment

In general, the common law and state statutes prohibit physicians from treating or
performing medical procedures on minors without parental consent.’® However, there are
exceptions to this rule. For example, many states permit “emancipated minors” to make
their own health care decisions. An emancipated minor is a minor “whose parents have
completely surrendered care, custody, and control of the child, have no involvement in
the child’s earnings, and have renounced parental duties.”*! Emancipated minors
generally include minors who are gainfully employed and fully self-supporting, minors
who are married, and minors who enter military service.

A number of states also permit “mature minors” to make their own medical
decisions. A mature minor is a minor who “has the capacity to appreciate the nature and
risks involved of the procedure to be performed, or the treatment to be administered or
withheld”?® and is “mature enough to exercise the judgment of an adult.”** For example,
in Cardwell v. Bechtol,’® the Tennessee Supreme Court held that it was appropriate for a
doctor to have treated a seventeen-year, seven-month-old woman for back pain without
parental consent because she was mature enough to consent to the treatment.!® In
reaching its decision, the court applied what it termed the “Rule of Sevens,” which states
that minors below the age of seven rarely, if ever, have the capacity to consent to medical
treatment, minors between the ages of seven and fourteen are presumed not to have the
capacity to consent to medical treatment, although that presumption is rebuttable, and
minors between the ages of fourteen and eighteen are presumed to have the capacity to
consent to medical treatment, although that presumption is rebuttable as well.*’

® Geller et al., “Decision-Making about Breast Cancer Susceptibility Testing,” 2868.

10 See D. R. Veilleux, “Medical Practitioner’s Liability for Treatment Given Child without Parent’s
Consent,” 67 A.L.R.4th 511 (Rochester, NY: The Lawyers Co-operative, 1989 & Supp. 1998).

11 See J. A. Penkower, “The Potential Right of Chronically 111 Adolescents to Refuse Life-Saving Medical
Treatment — Fatal Misuse of the Mature Minor Doctrine,” DePaul Law Review 45 (1996): 1165, 1177
(internal quotation marks omitted); New York State Task Force on Life and the Law, When Others Must
Choose: Deciding for Patients without Capacity (New York: New York State Task Force on Life and the
Law, 1992), 42-43.

12 New York State Task Force on Life and the Law, When Others Must Choose, 43.

13 Belcher v. Charleston Area Med. Ctr., 188 W. Va. 105, 116, 422 S.E.2d 827, 838 (1992). See In re
E.G., 133 111.2d 98, 111, 549 N.E.2d 322, 328 (1989).

“InreE.G, 133 Ill.2d at 111, 549 N.E.2d at 328. See Belcher v. Charleston Area Med. Ctr., 188 W. Va.
at 116, 422 S.E.2d at 838.

15724 S.W.2d 739 (Tenn. 1987).

16 |bid., at 755.

7 Ibid., at 749, 755.



Section 2504 of the New York Public Health Law generally prohibits minors
(individuals under the age of eighteen) from obtaining medical care without the consent
of their parents.’® However, Section 2504 authorizes minors who are married, pregnant,
or parents themselves to make their own medical decisions.’® In addition, other New
York statutes authorize minors to consent to particular medical treatments, including
outpatient mental health services, treatment for sexually transmitted diseases, and
treatment for substance abuse.?

The majority of cases involving emancipated minors in New York concern
parental responsibility for continued child support.2t Only one New York case has held
that an emancipated minor may consent to medical treatment,?? and that case was decided
prior to the enactment of Section 2504. In addition, only one New York court has ever
discussed the mature minor doctrine.?® Although the court recommended that the
legislature or the appellate courts adopt the mature minor doctrine in New York, it found
that the minor in that case would not qualify as a mature minor even if the doctrine were
recognized.?* Because Section 2504 and other New York statutes specifically enumerate
the circumstances under which minors may consent to health care without parental
consent and do not (with possibly one exception)® explicitly recognize the mature minor
or emancipated minor doctrines, it is unclear whether courts in New York have the power
to recognize these doctrines without new legislation.?®

18 See N.Y. Pub. Health Law § 2504(1) (McKinney 1999); Alfonso v. Fernandez, 195 A.D.2d 46, 50-51,
606 N.Y.S.2d 259, 262 (N.Y. App. Div. 1993); Matter of Thomas B., 152 Misc.2d 96, 98-99 574 N.Y.S.2d
659, 660661 (N.Y. Fam. Ct. Cattaraugus Cty. 1991).

19 N.Y. Pub. Health Law § 2504(1) (McKinney 1999).

20 See, e.g., N. Batterman, “Under Age: A Minor’s Right to Consent to Health Care,” Touro Law Review 10
(1994): 637, 657-659 (discussing New York statutes); Matter of Long Island Jewish Medical Center, 147
Misc.2d 724, 729-730, 557 N.Y.S.2d 239, 243 (N.Y. Sup. Ct. Queens Cty. 1990) (same).

2l Batterman, “Under Age,” 646; J. R. Brandes and C. L. Weidman, “The Age of Majority and
Emancipation,” New York Law Journal, June 28, 1994, 3.

22 See Bach v. Long Island Jewish Hosp., 49 Misc.2d 207, 267 N.Y.S.2d 289 (N.Y. Sup. Ct. Nassau Cty.
1966); Batterman, “Under Age,” 648—650.

23 Matter of Long Island Jewish Med. Ctr., 147 Misc.2d 724, 557 N.Y.S.2d 239 (N.Y. Sup. Ct. Queens Cty.
1990).

2 |bid., 147 Misc.2d at 730, 557 N.Y.S.2d at 243.

% New York’s statute governing HIV/AIDS testing and disclosure of test results appears to utilize the
mature minor doctrine. It defines “capacity to consent” as “an individual’s ability, determined without
regard to the individual’s age, to understand and appreciate the nature and consequences of a proposed
health care service, treatment or procedure, or of a proposed disclosure of confidential HIV related
information, as the case may be, and to make an informed decision concerning the service, treatment,
procedure or disclosure.” N.Y. Pub. Health Law § 2780(5) (McKinney 1999).

% See Batterman, “Under Age,” 641, 644660 (discussing whether the mature minor and emancipated
minor doctrine survived the enactment of Section 2504). See generally Fumarelli v. Marsam Dev., Inc., 92
N.Y.2d 298, 680 N.Y.S.2d 440 (1998) (describing the method for determining whether a statutory
enactment supersedes the common law). At least two courts in other states have utilized the mature minor



Authority of Parents to Control Their Children’s Medical Care

New York courts accord great deference to parental choices about medical care for
their children?” and will intervene only when the parents’ choices seriously jeopardize a
child’s health or welfare.?® The test for determining whether parental decisions will be
upheld is whether the parents, “having sought accredited medical assistance and having been
made aware of the seriousness of their child’s affliction and possibility of cure if a certain
mode of treatment is undertaken, have provided their child a treatment which is
recommended by their physician and which has not been totally rejected by all responsible
medical authority.”%

For example, in Matter of Hofbauer,*® the New York Court of Appeals upheld the
decision of parents to have a child with Hodgkin’s disease treated with injections of laetrile
and other nutritional and metabolic therapy, rather than with standard radiation treatment and
chemotherapy.®! The court emphasized that the parents had consulted with a physician about
the use of laetrile therapy, other physicians were involved in the care of the child, the therapy
appeared to be controlling the child’s symptoms, and the parents had agreed to use standard
therapy should the situation require it.%2

By contrast, in Matter of Sampson v. Taylor,*® a court ordered surgery for a child
suffering from a severe facial disfigurement despite the parents’ religious objections to the
blood transfusions necessary for the surgery.®* Although the disease did not pose an
immediate threat to the life or the health of the child, the court found, based on expert
testimony, that without the surgery the child would suffer serious and irreparable
developmental and psychological problems.®

According to one New York trial court, once parents have authorized a course of
treatment for their child, the child’s refusal to consent to the treatment is generally irrelevant.
In Matter of Thomas B.,*® a fifteen-year-old boy who had a needle phobia refused to consent
to a tumor biopsy that had been arranged by his mother.®” The court ordered the biopsy to go

exception despite the existence of statutes specifying the circumstances in which minors could consent to
medical treatment. See Belcher v. Charleston Area Med. Ctr., 188 W. Va. at 114-115, 422 S.E.2d at 836—
837; Cardwell v. Bechtol, 724 S.W.2d at 743-745.

27 See, e.g., Matter of Hofbauer, 47 N.Y.2d 648, 655, 419 N.Y.S.2d 936, 940 (1979); Matter of Matthews,
225 A.D.2d 142, 148-150, 650 N.Y.S.2d 373, 377-378 (App. Div. 1996); N.Y. Pub. Health Law § 2504(2)
(McKinney 1999).

28 See Matter of Hofbauer, 47 N.Y.2d at 655, 419 N.Y.S.2d at 941; Matter of Matthews, 225 A.D.2d at
148, 650 N.Y.S.2d at 377.

25 Matter of Hofbauer, 47 N.Y.2d at 656, 419 N.Y.S.2d at 941.

% |bid., 47 N.Y.2d at 655, 419 N.Y.S.2d at 940 (1979).

%1 Ibid., 47 N.Y.2d at 652, 656657, 419 N.Y.S.2d at 938, 941.

% Ibid., 47 N.Y.2d at 656-657, 419 N.Y.S.2d at 941.

33 Matter of Sampson v. Taylor, 65 Misc.2d 658, 317 N.Y.S.2d 641 (N.Y. Fam. Court Ulster Cty. 1970),
aff’d 37 A.D.2d 668, 323 N.Y.S.2d 253 (App. Div. 1971), aff’d, 29 N.Y.2d 900, 328 N.Y.S.2d 686 (1972).

34 Ibid., 65 Misc.2d at 675-676, 317 N.Y.S.2d at 658—659.

% Ibid., 65 Misc.2d at 660, 672, 675676, 317 N.Y.S.2d at 644645, 655, 658.

3 152 Misc.2d 96, 574 N.Y.S.2d 659 (Fam. Ct. Cattaraugus County 1991).

37 Ibid., 152 Misc.2d at 97, 574 N.Y.S.2d at 660.



forward, stating that persons under eighteen years of age may not override their parents’
consent to treatment.®

Utilizing the mature minor doctrine, however, the West Virginia Supreme Court has
held that physicians may not perform medical procedures on or administer treatments to
mature minors without their consent, even if their parents consent to the procedures or
treatments.>®

In the context of medical research, federal regulations generally require that
researchers obtain a child’s “assent” before including the child in a research study when an
institutional review board determines that the children are capable of assent.*® Assent is
defined as “a child’s affirmative agreement to participate in research.”*! A child’s failure to
object to participation in a research project, without an affirmative agreement to participate,
does not constitute assent.*?

Benefits and Risks of Predictive Testing of Children and Adolescents

Benefits of Testing Children and Adolescents
"Testing for Late-Onset Disorders

For familial late-onset disorders, clinical surveillance and/or preventive measures
may be available for asymptomatic individuals. In those cases where optimal effectiveness
of these measures requires implementation during childhood or adolescence, genetic testing
of children is generally recommended. One example is familial adenomatous polyposis

(FAP), a rare form of familial colon cancer.** FAP is caused by inheritance of a single
dominant gene mutation, which results in formation of up to thousands of precancerous colon
polyps and, eventually, cancer.** In affected families, a DNA-based genetic test can identify
which children require colonoscopic monitoring and eventual removal of the colon to

38 Matter of Thomas B., 152 Misc.2d at 98-99, 574 N.Y.S.2d at 661. See also Alfonso v. Fernandez, 195
A.D.2d at 50-51, 606 N.Y.S.2d at 262 (subject to statutory exceptions, it is generally “for parents to
consent or withhold their consent to the rendition of health services for their children”).

39 See Belcher v. Charleston Area Med. Ctr., 188 W. Va. at 116, 422 S.E.2d at 838.

40 See 45 C.F.R. § 46.408(a) (1999).

L |bid., § 46.402(b).

42 |bid.

43 FAP accounts for approximately 1 percent of the 135,000 cases of colon cancer diagnosed annually in the
United States. American Cancer Society, Cancer Facts and Figures (Atlanta: American Cancer Society,
1996), Publication No. 5008-96.

4 T. D. Gelehrter, F. S. Collins, and D. Ginsburg, Principles of Medical Genetics, 2d ed. (Baltimore:
Williams and Wilkins, 1998), 265. FAP is caused by inheritance of one mutated copy of a gene called APC
(adenomatous polyposis coli). APC is a tumor suppressor gene. For discussion of tumor suppressor genes,
see Chapter 1, page 19.



prevent almost certain colon cancer by age forty.”® Genetic testing also benefits children
identified not to carry the family mutation, who are spared regular, uncomfortable, and
expensive colonoscopic exams.

There are other single-gene late-onset disorders for which early preventive measures
may be effective. One example is neurofibromatosis, a disorder characterized by formation
of benign tumors of the nervous system that can lead to deafness, blindness, and confinement
to a wheelchair. Genetic testing to identify children affected by familial neurofibromatosis
allows monitoring and earlier surgical treatment, generally during adolescence.*°

For most complex late-onset disorders for which susceptibility testing is available,
however, there generally are no established preventive treatments that can be applied during
childhood or adolescence. Examples include genetic susceptibility testing for breast cancer®’
and late-onset Alzheimer disease.”® Even in cases for which medical interventions may exist,
decisions about whether to test children may still be difficult. Unconfirmed medical
interventions pose medical risks, and for susceptibility testing that is not 100 percent
predictive, a child who tests positive for a susceptibility variant will not necessarily develop
the disease.*

Despite the absence of an established medical benefit, parents (or adolescents) still
might seek genetic testing for their children (or themselves) to determine risks for familial
late-onset disorders such as Huntington disease. They also may seek testing for late-onset
disorders for which available interventions or surveillance measures are just as likely to be
successful when initiated in adulthood, for example, breast cancer susceptibility testing. In
these cases, testing may be requested to reduce uncertainty and/or to facilitate life-planning
decisions.>® For adolescents of reproductive age, these may include reproductive decisions
for the near future.*

Carrier Testing for Recessive Disorders

The purpose of carrier testing for recessive disorders such as cystic fibrosis, Tay-
Sachs disease, and sickle cell disease is generally to guide marital and/or reproductive

5 For a description of the test, see Chapter 2, page 38. The gene is called APC (adenomatous polyposis
coli).

46 “Insurance and the New Genetics: Test Results May Threaten Patients’ Coverage,” Howard Hughes
Medical Institute website: http://www.hhmi.org/genmed/insure.htm, visited July 15, 1998; see also D. H.
Gutmann et al., “The Diagnostic Evaluation and Multidisciplinary Management of Neurofibromatosis 1 and
Neurofibromatosis 2,” Journal of the American Medical Association 278 (1997): 51.

47 See Chapter 3, page 63.

48 See Chapter 3, page 67.

4 See D. E. Hoffmann and E. A. Wulfsberg, “Testing Children for Genetic Predispositions: Is It in Their
Best Interest?” Journal of Law, Medicine and Ethics 23 (1995): 331, 334.

%0 J. H. Fanos, “Developmental Tasks of Childhood and Adolescence: Implications for Genetic Testing,”
American Journal of Medical Genetics 71 (1997): 22, 23.

51 D. Wertz and R. Gregg, “Optimizing Genetics Services in a Social, Ethical, and Policy Context:
Suggestions from Consumers and Providers in the New England Regional Genetics Group,” The Genetic
Resource 10, no. 2 (1996): 44.



decision-making.>? Persons may seek carrier testing based on an increased risk due to family
history of a recessive disorder or high prevalence of carriers for a particular recessive
disorder in certain ethnic or racial groups.>® Under circumstances in which an adolescent at
increased risk for carrier status is contemplating marriage or reproduction in the near future,
testing could help guide marital or reproductive decisions. For example, in some ultra-
Orthodox Jewish communities, a carrier screening program, Dor Yeshorim, screens high
school seniors for carrier status for Tay-Sachs disease and several other recessive disorders.>

This benefit generally would not be relevant for a minor who has not reached
reproductive age or who is not contemplating reproduction in the immediate future. Some
commentators state that this information also may be of only minimal value to sexually
active teenagers, who would unlikely be influenced by genetic risk information.® Others
claim that early knowledge of carrier status could help a child adapt to the consequences of
being a carrier over time, rather than having the information presented at the age of
majority.>®

Risks of Testing Children and Adolescents
Testing for Late-Onset Disorders

When a child tests positive for a genetic susceptibility and no preventive
interventions exist, the risks associated with genetic testing of adults for late-onset orders,
discussed in Chapter 3 of this report, generally apply.®” Possible risks include the following:
use of unconfirmed clinical interventions that may be unnecessary and/or harmful;
discrimination; psychological harms, including stigmatization; and perturbation of family
relationships. Some commentators argue that these harms may be amplified when the person
tested is a child because of the child’s developing and potentially fragile self-identity and the
special risks of misguided parental treatment.®® These special vulnerabilities may be further
exaggerated in families with a genetic disorder in which a child has experienced the serious
iliness or death of a parent or siblings.>®

52 See Chapter 3, page 50.

%3 Ibid.

54 L. Wingerson, Unnatural Selection: The Promise and the Power of Human Gene Research (New York:
Bantam Books, 1997), 8-11. For further discussion of the program, see Chapter 5, page 121.

% See E. W. Clayton, “Genetic Testing in Children,” Journal of Medicine and Philosophy 22 (1997): 233,
243; American College of Medical Genetics/American Society of Human Genetics, “ASHG/ACMG Report
— Points to Consider: Ethical, Legal, and Psychosocial Implications of Genetic Testing in Children and
Adolescents,” American Journal of Human Genetics 57 (1995): 1233, 1236-1237.

% “Genetic Interest Group Statement on Genetic Testing of Children, United Kingdom,” The Gene Letter
(August 1997), website: http://www.geneletter.org, visited January 29, 1998.

57 See Chapter 3, page 70.

%8 Wertz et al., “Who Decides?” 876.

% Fanos, “Developmental Tasks of Childhood,” 26



For testing of children, concerns about discrimination center on the possibility that
earlier confirmation of genetic risk may limit insurability and/or employment prospects of
the child when he or she reaches adulthood. As one child neurologist who treats patients
with neurofibromatosis stated, while confirmation of risk for familial neurofibromatosis
before or during adolescence may be clinically beneficial, parents “also have to decide
whether they want their child to risk losing health insurance as soon as they turn eighteen.”®

Another potential harm of testing children is that a positive test result may interfere
with children’s developing self-perception and their ability to integrate with their peer group.
Some suggest that children with genetic disorders may lose self-esteem during a critical
period for the development of self-identity,®* although others claim that there is little
evidence to support this fear.®? Some express concerns that children have a limited
understanding of the concept of illness, and as a result may blame themselves for their
genetic susceptibility.®®

Testing children, as in testing newborns,® also may perturb family relationships.
Some commentators warn that parents who seek testing to reduce their own anxiety often are
not prepared for the implications of a positive test result.®> Parents may react inappropriately
to a child’s confirmed genetic susceptibility by overprotection, overindulgence, rejection, or
inappropriate and possibly harmful preventive measures.®® Some commentators state that
testing of children for the common reason of “planning for the future” may become
“restricting the future.”®” For example, testing may influence parental allocation of family
resources. One commentator cites a case in which a mother requested testing of her two
children who were at risk for Huntington disease “because she only had enough money to
send one of them to Harvard.”® Alternatively, parents may spend more resources on the
affected child than they spend on unaffected siblings to “make up” for passing on the
inherited disorder.%® Even if a child tests negative for a familial mutation, he or she may
experience problems of “survivor guilt” for escaping the genetic risk of a parent and/or
siblings.™

80 “Insurance and the New Genetics” (quoting Dr. Mia McCollin, Massachusetts General Hospital).
Potential for the adverse use of genetic information in insurance coverage decisions varies by state laws and
other factors. For a discussion of genetic testing and insurance, see Chapter 9.

61 See Wertz et al., “Who Decides?” 876; Fanos, “Developmental Tasks of Childhood,” 23-24; American
College of Medical Genetics/American Society of Human Genetics, “ASHG/ACMG Report,” 1236.

82 C. B. Cohen, “Wresting with the Future: Should We Test Children for Adult-Onset Genetic Conditions?”
Kennedy Institute of Ethics Journal 8 (1998): 111, 114.

63 See Wertz et al., “Who Decides?” 876.

64 See Chapter 6, page 162.

% D. C. Wertz, J. H. Fanos, and P. Reilly, “Testing Children and Adolescents: Recommendations for
Avoiding Harm,” The Genetic Resource 8, no. 2 (1994): 16, 17.

% Tbid.; Fanos, “Developmental Tasks of Childhood,” 24; American Society of Human Genetics/American
College of Medical Genetics, “ASHG/ACMG Report,” 1236.

57 Wertz et al., “Recommendations for Avoiding Harm,” 17.

8 M. Murray, “Nancy Wexler,” New York Times Magazine, February 13, 1994, 28, 31 (quoting Dr. Nancy
Wexler, New York State Psychiatric Institute).

8 J. Holland, “Should Parents Be Permitted to Authorize Genetic Testing for Their Children?” Family Law
Quarterly 321 (1997): 321, 340.

0 Fanos, “Developmental Tasks of Childhood,” 26.



Carrier Testing for Recessive Disorders

When an individual tests positive as a carrier for a recessive disorder, a principal risk
is that the person may not understand that carriers are generally healthy and unaffected by
disease. Some claim that these risks may be greater when parents request testing of their
children because children may be more emotionally vulnerable and/or more likely to
misunderstand test results.”* This may be especially true in children who have a family
history of a particular disorder.”? There also is a risk that parents may misunderstand the
information and accord “undue emotional significance” to carrier status or inaccurately relay
test results to a child at the time of testing or later.”® Another commentator cites a risk that
the child’s right of privacy in future marital and reproductive decisions may be compromised
by parental knowledge of carrier status.”* Risks of stigmatization and discrimination also
exist.”

Weighing the Benefits and Risks: The Roles of Parents, Children, and
Providers

Parental Decisions to Test Children and Adolescents

Most policy and professional genetics groups agree that testing of children is
appropriate when established clinical interventions exist and that, in all testing
decisions, the best interests of the child should be primary.” In the absence of a clear
medical benefit to the child, most commentators opine that avoidance of potential
testing-associated harms and preservation of the minor’s future autonomy should be
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the overriding considerations.”” For example, the Institute of Medicine Committee
on Assessing Genetic Risks (IOM Committee) states that children “should generally
be tested only for genetic disorders for which there exists an effective curative or
preventive treatment that must be instituted early in life to achieve maximum
benefit.”’® The American Society of Human Genetics (ASHG) and the American
College of Medical Genetics (ACMG) state that “timely medical benefit to the child
should be the primary justification for genetic testing in children and adolescents.”"®

Testing for Late-Onset Disorders

Some genetics providers, professional guidelines, and testing laboratories
refuse to test or strongly recommend against testing of minors for genetic
predisposition to particular late-onset disorders, including Huntington disease® and
breast cancer.®  Other commentators, however, maintain that such blanket
statements overemphasize the potential harms of testing and fail to acknowledge
legitimate interests and obligations of parents, who, they claim, are generally in the
best position to determine the child’s best interests.®? They state that preservation of
a child’s future decision-making autonomy should not be the only relevant factor and
suggest that testing may, in fact, expand a child’s future options.®* One commentator
states that no substantial harms to tested children have been proven and that testing
may pose significant benefits to children and their families.®*

Both the American Medical Association Council for Ethical and Judicial Affairs
(AMA Council) and the ASHG/ACMG guidelines generally oppose parental
requests for predictive genetic testing of children in the absence of a medical

" Institute of Medicine Committee on Assessing Genetic Risks, Assessing Genetic Risks, 10; American
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benefit, yet both also acknowledge that testing decisions can be complex.®
The AMA Council maintains that parental decisions to test children should
be respected as long as they reflect a reasonable balance of advantages and
disadvantages. The ASHG/ACMG guidelines state that, in some cases, the
balance of risks and benefits may favor testing.®

One circumstance in which some commentators think that parental requests for
predictive genetic testing may merit special consideration, even in the
absence of preventive or therapeutic measures, is when the familial disorder
tested for manifests at some time during childhood, such as X-linked
muscular dystrophy. There are two forms of this disorder, resulting from
different mutations in the same gene. Duchenne muscular dystrophy
generally manifests at age three to five; Becker muscular dystrophy is a
milder and more variable form that manifests later in childhood or
adolescence.” The AMA Council maintains that, when a child is at risk for a
condition with pediatric onset for which preventive or other therapeutic
measures are not available, “parents generally should have discretion to
decide about genetic testing.”® Other commentators, agreeing with this
recommendation, note that anxiety created by “every stumble or expression of
fatigue” in a boy potentially at risk for Duchenne muscular dystrophy may
overshadow his life.®® The IOM Committee, by contrast, concluded that
predictive genetic testing of children is not appropriate for untreatable
disorders, even when symptoms of the disorder may manifest during
childhood.*

Carrier Testing for Recessive Disorders
Most commentators agree that, in general, parents should not request carrier testing

for their children and that testing should be deferred until children reach
maturity.”>  Some commentators note that parental decisions for carrier
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testing may be justified in exceptional situations, such as development of an
intimate relationship between two young adolescents, both of whom have
family members with cystic fibrosis.®> One group, however, supports broader
parental control in this area, stating that, with adequate counseling, parents
have the right to make an informed choice about testing the carrier status of
their children.®

Participation of Minors in Testing Decisions
Role of Minor’s Assent or Consent

For predictive genetic testing requests for children, the ASHG/ACMG
guidelines call on providers to counsel parents and the child, commensurate with the
child’s maturity, to help them assess benefits and risks and to act in the perceived
best interests of the child. The guidelines recognize that, although the legal age for
medical decision-making is generally eighteen, studies have found that the ability of
children to make decisions develops as they mature.** Acknowledging the successive
stages of cognitive and moral development of children, the guidelines call on parents
and providers to be attentive to a child’s increasing interest and ability to participate
in decisions in his or her own welfare.*> They recommend that, in general, providers
should obtain assent from children who are age seven or older and consent from
adolescents.®® A child’s assent to testing is the child’s “affirmative agreement” to
participate in testing and “only requires a rudimentary understanding of risk and
benefit.”%’
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When the balance of risks and benefits of testing is uncertain, the ASHG/ACMG
guidelines state that providers should respect the decisions of competent adolescents and
their families; when potential harms clearly outweigh potential benefits, providers should
discourage testing. In cases where parents request testing but the minor does not, some
commentators state that the provider should act as an advocate for the minor.%® Both the
ASHG/ACMG guidelines and the AMA Council assert that a provider has no obligation
to provide a medical service that is not in the best interests of the child.®® Other
commentators agree, noting that physicians have greater room for overriding parental
choices made on the behalf of children than they do for overriding choices made by
adults for themselves.*®
Adolescent-Initiated Requests for Testing

In some cases, adolescents may be the primary requestors of predictive testing,
with or without parental support. They may do so to make life-planning decisions,
including reproductive decisions for the near future.!® For Huntington disease
predictive testing, one study in Great Britain concluded that requests for testing initiated
by minors were rare but did occur. The study estimated that 1.9 percent of requests for
genetic testing for Huntington disease were from persons age twenty or younger.1%

Another group, the 1997 National Institutes of Health-U.S. Department of
Energy Working Group on Ethical, Legal, and Social Implications of Human Genome
Research Task Force on Genetic Testing acknowledged that legal adulthood “is a
somewhat arbitrary concept” and that in families with a considerable disease burden,
older teenagers might request testing for themselves.’®® They called for more research in
this area but recommend that testing of minors for perceived psychosocial benefits
should be avoided. Others state that genetic testing for late-onset disorders may be
useful to minors of reproductive age and that, in such cases, the minor should be the
primary decision-maker.!® The ASHG/ACMG guidelines state that “substantial
psychosocial benefits to the competent adolescent” may justify genetic testing.!® The
guidelines maintain that as adolescents’ decision-making capacity increases, additional
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consideration should be given to their wishes, “even when those wishes differ from those
of their parents or when those wishes are not clearly in the child’s best interest.”'% They
stipulate that the adolescent should meet conditions of competence, voluntariness, and
adequate understanding of information,'®” and they suggest that other consultations, for
example, with psychologists and/or ethics boards, might be appropriate.’®® Other
commentators advocate assessment of an adolescent who requests testing by an expert
child/adolescent clinical psychologist or psychiatrist.*%®

Genetic Information and Adoption

Disclosure of Adoptees’ Genetic Information to Prospective Adoptive Parents

For most of this century, adoption agencies disclosed little medical information about
prospective adoptive children and their biological families to prospective adoptive parents.!*
In the last twenty years, adoption professionals have come to support full disclosure of
medical information to prospective adoptive parents to facilitate proper health care for
adopted children and to ensure that children with special health needs are placed with
families who are emotionally and financially capable of dealing with those needs.*'!

New York and other states currently require adoption agencies to disclose to
prospective adoptive parents the medical histories of prospective adoptees and their
biological parents.''? New York specifically mandates that the medical histories include “all
available information setting forth conditions or diseases believed to be hereditary.”*
Agencies that fail to disclose such information are subject to lawsuits for wrongful
adoption.** However, because adoption agencies are not involved in private placement
adoptions (i.e., adoptions where the natural parent retains custody of the child until the order
of adoption is signed),!® the disclosure requirement does not apply to such adoptions. !
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Like many other states, New York does not require adoption agencies to make any
affirmative effort to uncover the medical histories of prospective adoptees and their
biological parents, but simply mandates that the agencies disclose them “to the extent they
are available.”*'’ Some commentators have argued that the law should require adoption
agencies and licensed professionals involved in private placement adoptions to use
“reasonable efforts” to obtain medical histories of prospective adoptees, their parents, and
their extended families and to disclose them to the prospective adoptive parents.}*® Some
states have imposed such a duty.’® One commentator maintains that persons who collect
this information should receive specialized training.!%

While advocating that adoption agencies should collect all “material” medical
information about prospective adoptees and disclose that information to prospective adoptive
parents,'?! some commentators have raised questions about the imposition of a legal duty to
collect and disclose such information.'?? In general, they are concerned about the amount of
investigation and disclosure that would be required to satisfy such a duty. For example, they
question whether adoption agencies would be required to contact anyone in the child’s
family besides the child’s biological parents or to conduct medical inquiries even over the
objections of the child’s biological parents. Some commentators have expressed concern
that conducting medical inquiries over the objections of biological parents might discourage
others from relinquishing their children for adoption.!?

The ASHG contends that obtaining adoptees’ genetic histories should be part of the
standard adoption process and that the histories should be placed in the prospective adoptees’
medical files.®* They also maintain that, when medically appropriate, an adoptee’s genetic
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information should be shared with the adoptee’s biological and adoptive parents.!?®

Asserting that the process of obtaining genetic information about prospective adoptees
should respect the parties’ right of privacy, the ASHG also contends that parties should have

the right not to participate, or to cease participating, in the collection of genetic information
on behalf of the adoptee.!?
Genetic Testing of Prospective Adoptees

Some adoption professionals advocate that prospective adoptive children undergo
thorough medical examinations prior to being adopted and that the results of those
examinations should be disclosed to prospective adoptive parents.*?” Doing so, these
commentators contend, would help ensure that children are placed with families that are
emotionally and financially able to deal with health conditions they may have and that will
obtain proper medical care from their adoptive parents.’?® Currently, New York does not
require adoption agencies or persons involved in private placement adoptions to perform
medical examinations on prospective adoptive children prior to adoption.*?°

Although requests for genetic testing of prospective adoptees appear to be relatively
rare,”" they do occur. One source reported receiving requests from adoption agencies to
perform Huntington disease testing of newborns who were at 50 percent risk for having the
genetic mutation that causes the disease.’®* Recently, an adoption agency requested Johns
Hopkins University to perform Huntington disease testing on a fetus because the mother who
planned to put the baby up for adoption had relatives who had died of the disease.’®? As the
number and availability of genetic tests increases, the number of requests for genetic testing
of prospective adoptees may grow.
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Commentators stress that the best interests of the prospective adoptees should be the
guiding principle in determining whether they should undergo genetic testing.!®® Some
commentators contend that prospective adoptees should undergo genetic testing only in
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situations where it would be appropriate to test other children.*** Most commentators agree
that it is generally inappropriate to perform genetic tests on prospective adoptees that detect
reproductive risks or predispositions to late-onset disorders for which preventive measures
are not currently available.**® Some of these commentators are concerned that such testing
treats prospective adoptees as commodities.’®* At Johns Hopkins University, practitioners
refused to perform Huntington disease testing on the fetus discussed above because they felt
that it was unfair to jeopardize the prospective child’s chances for adoption by testing it for a
disease that would not occur until middle age and for which a cure might be developed by
that time. 3’

One issue that has only recently been addressed by commentators is whether it is ever
appropriate to perform genetic testing on prospective adoptees for untreatable childhood-
onset conditions such as Duchenne muscular dystrophy. The ASHG and the ACMG contend
that such testing is appropriate “when there is some health-related indication of the need to
test,” such as “symptoms and family history.”*® OQutside of the adoption context,
commentators disagree about whether it is appropriate to have children undergo such
testing.**°

Conclusions and Recommendations

Predictive Genetic Testing to Determine Adult-Onset Disease and
Reproductive Risks

The best interests of the child, including respect for the child’s future
autonomy, should be the primary consideration in decisions about
predictive genetic testing of children. Predictive genetic testing of
children is clearly appropriate when test results will provide information
relevant to current decisions about the child’s care, such as decisions to
institute prophylactic treatment. Where the benefits to the child are less
clear, however, predictive genetic testing should be approached with
caution, given that testing can also lead to significant harms.
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The current standard of care, as reflected in statements by numerous professional
societies, generally discourages predictive genetic testing of children for adult-onset diseases
or to determine a child’s future reproductive risks in the absence of a medical benefit. We
agree with this standard and believe that, generally, such testing should be delayed until the
child reaches the age of majority and can make his or her own testing decisions. Children
should be free, upon adulthood, to make their own choices about predictive testing for late-
onset diseases; as experience in the general population shows, many of these children, when
they reach the age of majority, will choose not to undergo genetic testing for late-onset
disorders, particularly for conditions for which effective preventive or therapeutic
interventions do not exist.

While parents may wish to reduce anxiety about their child’s future, testing often will
confirm, rather than allay, risk. This may increase parental anxiety and also pose
psychological, developmental, and even medical harms to the child. Parental knowledge of a
child’s future health also might inappropriately restrict a child’s future, intentionally or
otherwise. Children may be especially vulnerable to psychological harm, especially if they
have witnessed affected family members suffer from the disease for which they are at risk.
Testing also could cause physical harm to a child if an unconfirmed prophylactic intervention
is used. Knowledge about safety and effectiveness of medical interventions generally will
increase over time; thus, medical and psychological harms might be avoided by later, versus
earlier, testing. For genetic susceptibility tests that are not 100 percent predictive, the
understanding of a test’s clinical predictive value also is likely to improve with time, and
earlier testing may cause unwarranted anxiety.

Parents’ desire to learn genetic information for purposes of their own future
reproductive planning does not justify testing children for late-onset or reproductive interests.
The better approach in such situations is for the parents to undergo carrier screening prior to
initiating another pregnancy.

Predictive Genetic Testing to Determine Risks for Pediatric-Onset Disease

When a healthy child is at risk for a pediatric-onset disorder, predictive
genetic testing to confirm or allay disease risks may be in the best interests of the
child, even if preventive or therapeutic interventions are not available.

When a child is at risk for a serious genetic disorder that can become symptomatic
during childhood or adolescence, for example, cystic fibrosis or muscular dystrophy,
preservation of the child’s future right to make a testing decision is not relevant. The
occurrence of a pediatric-onset disorder, unlike an adult-onset disorder, also will directly
affect parental responsibilities. In such cases, we believe that exceptions to the
recommendation that testing of children be discouraged are justified. Predictive testing
for a child may help the family prepare for its future medical and other needs. Testing
also may diminish the anxiety associated with interpreting their child’s potential early
symptoms of disease.



The Role of Health Care Providers in Guiding Predictive Genetic Testing
Decisions

Health care providers play a critical role in guiding decisions
about predictive genetic testing of children. When faced with a
parent’s request for predictive genetic testing of a healthy child or
with a request initiated by a healthy adolescent, providers should
counsel the parents and the child, commensurate with the child’s
maturity, and help families balance potential benefits and risks of
testing. When the balance of potential risks and benefits is uncertain,
providers should generally respect the decisions of parents.

Determination of the balance of potential benefits and risks of predictive genetic
testing will often be complex, based on personal and familial factors and also on evolving
data about a test’s predictive power and the benefits of new medical interventions. This
complexity underscores the need for active involvement of health care providers in
guiding a family’s testing decision. It is critical that parents and older children receive
appropriate counseling and education about the power and limitations of testing, as well
as its possible benefits and risks. Providers have an important role in helping families
reach a decision that is in the child’s and the family’s best interests.

In some cases, the balance of benefits and risks may be uncertain. Often, parental
requests for testing will be for children who are not old enough to be involved in the
counseling and decision-making process. We agree with professional groups that hold
that, in such cases, providers should respect the wishes of parents. We further agree that
parental responsibilities often include decisions that open some paths while closing others
for a child and that parents are generally in the best position to decide what is in their
child’s best interests.

Conflicts between Parents and Adolescents

Ideally, predictive genetic testing of children will be performed with
both the consent of the parents and either the assent or consent of the
child, depending on the child’s maturity. The Task Force members
hold differing views about cases where parents and adolescents
disagree about genetic testing decisions. Where the balance of
benefits and risks is uncertain, some members believe that providers
should generally defer to the wishes of the parent, even over the
objection of a mature adolescent. Others would defer to the



adolescent’s decision in at least some cases, particularly when an
adolescent opposes testing.

Testing that proceeds with the informed consent of the parents and the consent or
assent of their minor children is the ideal. The process of counseling and consent (or
assent) of the involved family members will likely benefit the family and help them
understand and accept test results. The process also may identify situations in which
parents or children are clearly unprepared for testing.

Conflicts, however, may arise. Parents may request testing of a child or
adolescent who opposes testing. Clearly, when there is a confirmed medical benefit to
testing, as in the case of testing to determine risk for the familial colon cancer FAP,°
parental decisions to test should be determinative. When no confirmed benefit exists, the
appropriate action may be less clear. Most Task Force members agree that, when the
balance of benefits and risks is uncertain, parents should have the final decision.
However, when potential harms to the child clearly outweigh the benefits of testing, the
Task Force agrees with others that the physician’s first responsibility is to the health of
the child or adolescent.

In some cases, adolescents who do not meet the definition of an emancipated
minor'*! may initiate a request for predictive testing. Providers must assure that the
adolescent’s request is mature and that he or she understands the potential harms
associated with testing. They also should counsel parents and seek their consent.
Although we acknowledge the ability of some older adolescents to make mature
decisions, the majority of Task Force members think that adolescents who are dependent
on their parents and who do not have parental consent for testing should wait until they
reach the age of majority.

Disclosure of Test Results to Minors

If a child or adolescent has provided assent or consent for predictive
genetic testing, he or she also should be informed of test results and
their meaning, commensurate with his or her maturity and with his or
her desire to have this information.

Parents sometimes request that test results not be disclosed to the child or
adolescent tested. Ideally, disclosure issues should be addressed during pretest
counseling. When conflicts about disclosure arise, we agree with professional societies
and others that state that when a child or adolescent of sufficient maturity has provided
assent or consent and requests genetic test results, that request should be respected by
parents and given priority by providers over parents’ requests to conceal the results.
When younger children are involved, providers should work with families to promote
disclosure at the appropriate point in the child’s development. When children who are

140 See page 222, this chapter.
141 See page 218, this chapter.



unaware that they have been tested reach adulthood, providers should inform them that
testing was performed, provide or arrange for appropriate counseling, and offer them the
option of learning the test results.

Genetic Testing of Prospective Adoptees by Their Current Caregivers

Caregivers of prospective adoptive children should ensure that the
children undergo genetic testing when such testing is necessary for the
children’s current health care.

Caregivers of prospective adoptive children, such as foster parents, have an
obligation to provide for the children’s current health care needs. These needs can
sometimes include diagnostic genetic testing. For example, when medically indicated,
custodians should ensure that children undergo predictive genetic tests for conditions for
which treatments or preventive measures should begin immediately, for example, FAP
testing of older children.'#2

Genetic Testing of Prospective Adoptees at the Request of Prospective
Adoptive Parents

Genetic testing should be performed on a prospective adoptee at the request
of prospective adoptive parents only when (1) the testing is medically
indicated and can reveal that a child is highly likely to develop extraordinary
health care needs during childhood, (2) the testing will help ensure that the
child is placed with a family who is capable of dealing with those needs, and
(3) the prospective parents are otherwise committed to adopting the child.

Adoption professionals have come to recognize that full disclosure of a
prospective adoptee’s medical history to prospective adoptive parents is necessary to
facilitate proper health care for adopted children and to ensure that children with special
health needs are placed with families who are emotionally and financially capable of
dealing with those needs.}*® Similarly, to the extent possible, prospective adoptees
should not be placed with families who will be unable to cope with children who are
likely to have serious health conditions during childhood that have a strong genetic basis,
such as Duchenne muscular dystrophy.'44

In some circumstances, genetic testing may help identify children who, although
currently asymptomatic, are likely to develop special health care needs during childhood.

142 See page 221-222, this chapter. See also Chapter 3, page 68.
143 See page 230, this chapter.
144 1bid.



If genetic testing is medically indicated and can reveal that a child is highly likely to
develop extraordinary health care needs during childhood, it may be appropriate for
prospective adoptive parents to request such testing prior to finalizing an adoption. In all
cases, the purpose of such testing should be to help ensure that the child is placed with
parents capable of dealing with the child’s special needs.

We recognize that testing prospective adoptees at the request of prospective
adoptive parents risks treating the children as commodities. Accordingly, such testing
should be approached with caution and should be performed only for serious, highly
penetrant genetic disorders and only after the parents are otherwise committed to adopting
the child.

Under this standard, it would generally be inappropriate to perform genetic testing
of prospective adoptees to determine risk for adult-onset disease or to assess reproductive
risks.

Collection and Disclosure of Prospective Adoptees’ Medical Histories

New York law should be amended to require that parties
placing a child for adoption make reasonable efforts to collect a
complete medical and genetic history of the child and provide it to the
prospective adoptive parents. New York law also should be amended
to require the parties to make reasonable efforts to collect the medical
and genetic histories of the birth parents and close blood relatives of
the prospective adoptee and disclose them to the prospective adoptive
parents. The parties should collect and disclose this information in a
manner that respects the privacy of the persons from whom it is
obtained and the subjects of the information. For example, the
medical and genetic histories of the prospective adoptees’ relatives
should be disclosed to prospective adoptive parents with all
identifying information removed.

The collection of the medical and genetic history of prospective adopted children
and their close relatives may be crucial for the children’s health care. Currently, New
York law does not require adoption agencies or other parties placing a child for adoption
to make any affirmative efforts to uncover the medical histories of prospective adoptees.
New York law should be amended to mandate that such reasonable efforts be made.

Although New York law currently requires disclosure only of the medical
histories of prospective adoptees and their biological parents, the medical histories of
close relatives are also relevant to the children’s health care. We therefore recommend
that New York law be amended to require that the medical and genetic histories of
prospective adoptees and their relatives be disclosed to prospective adoptive parents.



The persons from whom the parties should collect family history information will
depend on the facts and circumstances of each case. However, in all cases, the parties
should collect and disclose this information in a manner that respects the privacy of the
persons from whom it is obtained and the subjects of the information.1#°

The medical and genetic histories of prospective adoptees and their close relatives
may sometimes indicate that a child is at risk for an adult-onset disorder such as
Huntington disease. Although, as noted above, it is generally inappropriate to perform
genetic tests on prospective adoptees to determine their risks for adult-onset disorders,
disclosing existing medical information about the children’s risks for such disorders is
appropriate. Were such information to be denied to prospective parents and then revealed
to the parents after adoption, trust in the adoption system would likely be undermined.
The victims of this loss in trust would be the children waiting to be adopted. In addition,
we question the practicality of reviewing medical records and excising family history
information pertaining to adult-onset disorders.

145 See N.Y. Soc. Services Law § 373-a (1999) (requiring information identifying a prospective adoptee’s
birth parents be removed from the child’s medical history before that history is shown to prospective
adoptive parents).






Confidentiality of Genetic Information

The principle that health information should be treated confidentially dates at least
as far back as the fifth century B.C., when Hippocrates wrote his famous oath.! Each
physician who took the oath swore that “whatever, in connection with my professional
practice, or not in connection with it, | see or hear in the life of men, which ought not be
spoken abroad, I will not divulge, as reckoning that all such should be kept secret.”? The
core ethic that physicians should not reveal their patients’ confidences remains essentially
the same today.?

Health information confidentiality* has been justified by both utilitarian and
rights-based arguments.> The most common utilitarian argument is that confidentiality is
necessary to promote honest and open communication between physicians and patients,
so that physicians can provide proper medical care. Absent such confidentiality, the
argument posits, people may avoid seeking necessary medical treatment or provide their
physicians incomplete medical histories out of fear that their physicians might disclose
medical information that will embarrass them.® In addition, a related utilitarian argument

! B. R. Furrow et al., Health Law, vol. 1 (St. Paul, MN: West, 1995), 235.

2 |bid.

3 See American Medical Association, Council on Ethical and Judicial Affairs, Code of Medical Ethics:
Current Opinions with Annotations (Chicago: American Medical Association, 1997), § 5.05 (“The
information disclosed to a physician during the course of the relationship between physician and patient is

confidential to the greatest possible degree.... The physician should not reveal confidential
communications or information without the express consent of the patient, unless required to do so by
law.”).

4 Some commentators distinguish the right of ‘“confidentiality” from the more general right of
“informational privacy.” The right of informational privacy is the right to protect personal information
against unauthorized access by others. The right of confidentiality, a subset of the right to informational
privacy, “refers to an individual’s right to prohibit the redisclosure of sensitive information originally
disclosed within a confidential relationship (e.g., patient-physician), or otherwise released on assurances
that that the information will not be disclosed without consent.” M. A. Rothstein, “Genetic Secrets: A
Policy Framework,” in Genetic Secrets: Protecting Privacy and Confidentiality in the Genetic Era, ed. M.
A. Rothstein (New Haven, CT: Yale University Press, 1997), 451, 453. In this chapter, the term
confidentiality is meant to encompass both of these rights.

5 R. Wachbroit, “International Symposium on Law and Science at the Crossroads: Biomedical Technology,
Ethics, Public Policy, and the Law: Rethinking Medical Confidentiality: The Impact of Genetics,” Suffolk
University Law Review 27 (1993): 1391, 1392; D. W. Shuman, “The Origins of the Physician-Patient
Privilege and Professional Secret,” Southwestern Law Journal 39 (1985): 661, 664-666; Dillinbeck v.
Hess, 73 N.Y.2d 278, 285, 539 N.Y.S.2d 707, 711-712 (1989).
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is that the improved dialogue between physicians and patients facilitated by
confidentiality protections will increase the accuracy of medical records, thereby making
them more useful to researchers who perform retrospective studies.” Currently, there is
little, if any, empirical data to support either of these contentions.®

The major rights-based argument used to justify health information confidentiality
is that confidentiality is, in and of itself, a value worth protecting.® This argument is
based on a desire to preserve the “dignity of the individual” and the sanctity of the private
physician-patient relationship.°

Virtually all proponents of the utilitarian and rights-based arguments believe that
health information confidentiality protections should not be absolute.!! In certain
circumstances, such as where the health or safety of a third party is in serious jeopardy,
they agree that exceptions to confidentiality should be made.!?

Notwithstanding the emphasis on confidentiality in codes of medical ethics,
numerous persons and organizations disclose or have access to health and genetic
information.> For example, the Medical Information Bureau, a private cooperative
formed by insurance companies, collects medical information submitted by patients to
insurance companies and makes the information available to all of its members.* Direct
marketers collect health information for their own use or for sale through a variety of
methods, including capturing the names of callers to 800 numbers that provide disease
information.r® Self-insured employers, who pool their employees’ insurance payments
and bear the risk of paying insurance claims, have access to their employees’ health
information through the insurance claims process.’® The government has access to vast
amounts of health information from, among other sources, newborn screening
programs,!’ public hospitals, the Medicare and Medicaid programs, and mandatory
reporting by physicians of persons with transmittable conditions, such as tuberculosis,
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8 Ibid.; Shuman, “The Origins of the Physician-Patient Privilege,” 664—-665; see Dillinbeck v. Hess, 73
N.Y.2d at 285, 539 N.Y.S.2d at 712.
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Chapter 2, Woodrow Wilson School of Public and International Affairs, Princeton University, website:
http://www.wws.princeton.edu/~ota/ns20/year_f.html, visited December 30, 1999.
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HIV, and AIDS.* Moreover, the growing computerization of medical records, which
allows for large amounts of individual health information to be stored, manipulated, and
transmitted worldwide, has led some commentators to fear that individuals will lose
whatever control they might now have over the dissemination of their personal health
information.*®

Most commentators agree that current legal protections against improper
disclosure of health and genetic information are woefully inadequate,?® and surveys
indicate that the public concurs. A 1993 Equifax-Harris poll revealed that 80 percent of
the public believes that they do not have any control over the use and circulation of their
health information.> A 1998 survey by the American Medical Association revealed that
68 percent of the public is somewhat or very concerned that their genetic information will
be used against them by employers or insurers.??

Some commentators claim that genetic information is unlike other health
information and should be given special confidentiality protections.?® Those who espouse
this claim, commonly known as genetic exceptionalism,?* point out that genetic
information not only reveals personal health information about individuals but also
reveals information that has implications for individuals’ families. In addition, because
genetic information has “taken on a cultural meaning as the essence of [a] person,”?
some commentators argue that disclosure of genetic information that indicates that a
person may become ill or is a carrier of genes that can cause disease in offspring may lead
to individual and familial stigma.?® Commentators also claim that DNA-based testing,
unlike most other medical tests, can predict disease risks decades into the future before
any signs or symptoms of diseases are detectable and that it is more precise.?’
Furthermore, some commentators assert that disclosure of genetic information that

18 See, e.g., 10 N.Y.C.R.R. 88 2.1, 2.27 (1999); N.Y. Pub. Health Law § 2130 (McKinney 1999).
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indicates a predisposition to disease may result in the denial of employment or insurance
coverage.’® Finally, they argue that genetic information has been used in the past to
discriminate and perpetrate terrible horrors against those deemed genetically unfit.?®

Other commentators believe that the purported differences between genetic
information and other health information cannot withstand scrutiny.® For example, one
commentator notes that information about HIV infection and asymptomatic hepatitis B
infection predicts a person’s future health in the same way as does genetic information
and can be just as stigmatizing.! He also points out that information about an
individual’s chronic common infectious diseases, such as tuberculosis, can be important
to family members as it may help them avoid contagion and make life and career
choices.® In addition, he contends that individuals have been discriminated against for
nongenetic health-related reasons.®®* While some commentators who reject genetic
exceptionalism admit that “genetic information is unique because it is regarded as
unique” by society, they do not believe that these social perceptions justify special
confidentiality protections for genetic information.®*

Maintaining that genetic information should not be treated more confidentially
than other health information, the New York State Public Health Council points out that
“establish[ing] varying levels of protection for different categories of health information
creates difficulties and confusion.”®  Moreover, these differential protections can
inadvertently result in disclosure of the very information whose confidentiality is sought
to be protected. For example, when responding to requests for patient records that
happen to contain HIV-related information, some custodians of records in New York
have reportedly stated that they cannot disclose the complete records because they are
prohibited by statute from doing so. Because HIV-related information is one of the few
types of medical information in New York that receives heightened confidentiality
protections, this response creates a red flag that the patient’s record likely includes
information about HIV.%® Special protections for genetic information may result in
similar types of problems.

2 G. Annas, L. Glantz, and P. Roche, The Genetic Privacy Act and Commentary (Boston: Boston
the Consent Process for Genetic Testing,” Journal of the American Medical Women'’s Association 52
(1997): 39, 39-40. For a discussion of this claim, see Chapter 10.

Analysis of Privacy and Research Concerns,” The Journal of Law, Medicine and Ethics 25 (1997): 256,
256-258; Patricia Roche, J.D., Assistant Professor, Boston University School of Public Health, Boston,
MA, presentation to the New York State Task Force on Life and the Law, March, 18, 1998.

30 See, e.g., Murray, “Genetic Exceptionalism,” 60—73.

3L Ibid., 64. For further discussion about the stigmatizing effect of genetic information, see Chapter 4.

%2 |bid., 65.

33 1bid.

3 Ibid., 71; Rothstein, Genetic Secrets, 458-459.

% New York State Public Health Council, Safeguarding the Confidentiality of Health Information (Albany:
New York State Department of Health, 1997) 10, 26. See Rothstein, Genetic Secrets, 458.

% New York State Public Health Council, Safeguarding the Confidentiality of Health Information, 10. An
analogous problem has been recognized in federal regulations concerning requests for confidential patient



The National Committee on Vital Health Statistics adds that special protections
for specific types of medical information increase the costs of medical records
management and may make “the burden on record keepers . . . overwhelming.”®" In
addition, some commentators contend that the confidentiality concerns about genetic
information can be addressed through laws that mandate a high level of protection for all
health information.®

Federal Constitutional Law

The government obtains genetic information about individuals through a variety
of methods, including mandatory genetic testing. For example, a vast majority of states
have newborn screening programs that require physicians to submit bloodspots from
newborns to government laboratories for testing for specific genetic diseases.®
Moreover, although it no longer appears to be enforced, New York State law requires
applicants for marriage licenses who are “not of the Caucasian, Indian, or Oriental races”
to be tested “as may be necessary,” for sickle cell disease and informed of the results.*
In addition, although it is not health related, more than forty states, as well as the federal
government, perform genetic identification testing on convicted criminals in order to
identify them in the future should they commit additional crimes and leave biological
evidence behind.*! The federal government also collects and stores blood samples from
all members of the armed forces so that their remains can be identified using genetic
identification testing, if other means of identification fail.*?
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It is possible that the state or federal governments will mandate additional genetic
testing in the future. For example, they might do so in their roles as employers to
determine whether the employees are susceptible to environmental hazards at their
workplaces. New York law specifically permits employers to mandate such testing as a
condition of employment.*®

The Right against Unreasonable Searches and Seizures

The fourth amendment to the United States Constitution prohibits federal, state,
and local governments from performing ‘“unreasonable” searches and seizures of
“persons, houses, papers and effects.”** This prohibition gives individuals the right to
keep their information and activities shielded from government scrutiny and “prevent[s]
invasions of dignitary interests.”*

In most instances, the government’s collection of biological samples for genetic
testing constitutes a search within the meaning of the fourth amendment.*® In addition,
the chemical and biological analysis of samples that the government has acquired legally
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also may be searches. The Supreme Court has strongly suggested that the chemical and
biological analysis of urine and blood for drugs and alcohol are searches because they

disclose information concerning the state of the sample source’s body.*’ Nevertheless,
lower courts remain divided on this issue.*® The Supreme Court also has suggested, and
lower courts have held, that the analysis of biological samples to ascertain a person’s
health and genetic information implicates fourth amendment privacy interests that are
weightier than the interests implicated by blood or urine analysis to detect the use of
drugs or alcohol.*°

For example, in Norman-Bloodsaw v. Lawrence Berkeley Laboratories,>
employees of a federal laboratory provided blood samples to the laboratory as part of their
mandatory medical exams. Without the employees’ knowledge or consent, the laboratory
tested their blood for sickle cell trait, syphilis, and pregnancy.® In ruling that the testing
violated the employees’ fourth amendment rights, the United States Court of Appeals for
the Ninth Circuit emphasized that consent to a general medical examination or to give
blood or urine samples “does not abolish one’s privacy right not to be tested for intimate,
personal matters involving one’s health.”®® The court observed that “one can think of
few subject areas more personal and more likely to implicate privacy interests than that of
one’s health or genetic makeup.”™?
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Determining that government actions are searches or seizures is only the first step
in a fourth amendment analysis. The next is to determine whether the searches or
seizures are “reasonable.” Outside of the criminal context, the government may
perform searches without a warrant or individualized suspicion of wrongdoing if (1)
“special needs” beyond the normal need for law enforcement make the warrant and
probable cause requirement impracticable”® and (2) “the privacy interests implicated by
the search are minimal.”*

Utilizing this “special needs” analysis, the Supreme Court has upheld, absent
individualized suspicion, warrantless collections of urine samples for drug testing from
railway employees involved in train accidents, customs officers seeking promotions, and
high school students who engage in interscholastic athletic competitions.>” However,
because the Court appears to have assigned greater weight to the privacy interests
implicated by the analysis of biological samples for health and genetic information,® the
results of these cases may not be good predictors of how courts will rule on fourth
amendment challenges to government-mandated genetic testing.

Although the fourth amendment may prevent the government from obtaining
medical and genetic information from the subject of that information, it probably does not
prevent the government from obtaining the same information from third parties. In Miller
v. United States,*® the Supreme Court observed that, even if an individual gives a third
party information “on the assumption that it [would] be used only for a limited purpose
and the confidence placed in the third party [would] not be betrayed,” the fourth
amendment does not prevent the government from compelling the third party to disclose

54 Except in certain delineated circumstances, searches and seizures in the criminal context are considered
“reasonable” only if they are authorized by a judicial warrant based on probable cause that an individual has
committed a crime, see Skinner, 489 U.S. at 618-619, 109 S. Ct. 1413-1414, or that the property that the
government seeks to investigate are “fruits, instrumentalities or evidence” of crimes. See, e.g., Zurcher v.
Stanford Daily, 436 U.S. 547, 556-557, 98 U.S. 1970, 1976-1977 (1978).

% See Vernonia, 515 U.S. at 653, 115 S. Ct. at 2386; Skinner, 489 U.S. at 619, 109 S. Ct. at 1414. The
special needs “must be substantial — important enough to override the individual’s acknowledged privacy
interest, sufficiently vital to suppress the Fourth Amendment’s normal requirement of individualized
suspicion.” Chandler, 520 U.S. at 318, 117 S. Ct. at 1303. The warrant and probable cause requirements
are impracticable where “an important governmental interest furthered by the intrusion would be placed in
jeopardy by a requirement of individualized suspicion.” See Chandler, 520 U.S. at 314, 117 S. Ct. at 1301;
Skinner, 489 U.S. at 624, 109 S. Ct. at 1417. “[BJeyond the normal need for law enforcement” means
“concerns other than crime detection.” Chandler, 520 U.S. at 305, 117 S. Ct. at 1296.

% The Supreme Court has also upheld searches without individualized suspicion in a number of other
circumstances, including searches at fixed border checkpoints and sobriety checkpoints as well as
“administrative inspections in ‘closely regulated” businesses.”” Chandler, 520 U.S. at 308, 117 S. Ct. at
1298.

57 Chandler, 520 U.S. at 308-309, 117 S. Ct. at 1298. In Chandler, the Supreme Court, utilizing the special
needs analysis, held that a Georgia law that required drug testing of all candidates for state office violated
the fourth amendment.

%8 See page 247, this chapter.

9425 U.S. 435, 96 S. Ct. 1619 (1976).



the information.®® The Supreme Court has not ruled on the applicability of this reasoning
to health or genetic information held by third parties.

A number of state courts, including one New York appellate court, have ruled that
individuals cannot rely on the fourth amendment to prevent the government from
obtaining from private hospitals the results of blood alcohol tests that have been
performed for medical reasons.®! Nevertheless, two of these courts specifically left open
the question whether individuals have a reasonable expectation of privacy in their general
medical records held by third parties.®> Other courts have ruled that subjects of private
blood alcohol tests may utilize fourth amendment protections to prevent the government
from obtaining the results because the subjects have a reasonable expectation of privacy
in their medical records even when the records are held by third parties.

The Right to Informational Privacy

In Whalen v. Roe,% the Supreme Court held that the due process clause protects
individuals’ interest in “avoiding disclosure of personal matters.”®® Whalen concerned
the constitutionality of a New York statute that required doctors and pharmacists to send
copies of completed prescription forms to the New York State Department of Health.
The forms identified the prescribing doctors; the patients’ names, addresses, and ages; the
dispensing pharmacies; and the drugs and dosages.®® The department saved the
information on computer tapes, which were stored in a secured area.®” The purpose of the
statute was to prevent abuses in the prescribing and dispensing of certain prescription
drugs.®®

The plaintiffs claimed that the required disclosure of their prescription
information to the health department, and the resultant risk that that information might
improperly be disclosed to others, violated their constitutional rights. The Supreme Court

%0 |bid., 425 U.S. at 443, 96 S. Ct. at 1624. Accord, e.g., United States v. Jacobsen, 466 U.S. 109, 117,
104 S. Ct. 1652, 1658 (1984).

61 See, e.g., People v. Ameigh, 95 A.D.2d 367, 367-369, 467 N.Y.S.2d 718, 718-719 (N.Y. App. Div.
1983); State v. Hardy, 963 S.W.2d 516, 523-527 (Tex. Crim. App. 1997) (citing cases); Tims v. State, 711
So.2d 1118, 1122-1124 (Ala. Crim. App. 1997); People v. Perlos, 436 Mich. 305, 329, 462 N.W.2d 310,
321 (Mich. 1990).

62 State v. Hardy, 963 S.W.2d at 527; People v. Perlos, 436 Mich. at 330, 462 N.W.2d at 321.

3 See Commonwealth v. Riedel, 539 Pa. 172, 175-183, 651 A.2d 135, 137-141 (Pa. 1994); State v.
Copeland, 680 S.W.2d 327, 328-331 (Mo. App. 1984).

64429 U.S. 589, 97 S. Ct. 869 (1977).

8 Whalen v. Roe, 429 U.S. 589, 599, and n.25, 97 S. Ct. 869, 876, and n.25 (1977). Accord Nixon v.
Adm’r of Gen. Serv., 433 U.S. 425, 457-458, 97 S. Ct. 2777, 2797 (1977).

% See Whalen., 429 U.S. at 593 and n.10, 97 S. Ct. at 873 and n.10.

67 See ibid., 429 U.S. at 593-595 and n.12, 97 S. Ct. at 873-874 and n.12.

% See ibid., 429 U.S. at 591-592, 97 S. Ct. at 872-873.



disagreed. While recognizing that the due process clause protects individuals’ right to
avoid disclosure of personal matters, the Court ruled that the statute was constitutional
because it did not “pose a sufficiently grievous threat [to the plaintiffs’ privacy]
interest[s] to establish a constitutional violation.”®°

Since Whalen, numerous courts have found a constitutional right to informational
privacy in health information.”® For example, in Doe v. Southeastern Pennsylvania
Transportation Authority,”* the chief administrative officer of a public transportation
authority learned that the plaintiff was HIV positive through a review of the authority’s

prescription drug plan. She then disclosed that information to other authority
employees.’”> The court ruled that the plaintiff had “a constitutional right to privacy in
his prescription drug records,” although it held that, under the particular facts of the case,
the plaintiff’s right had not been violated.”

The right to informational privacy is not absolute, and its boundaries are unclear.
Most courts have ruled that the first step in ascertaining whether the government’s
acquisition or disclosure of personal information violates the individual’s right to
informational privacy is to determine whether the government’s interest in acquiring or
disseminating the information is “substantial.”’* The second step is to weigh the
individual’s privacy interest against the government’s interest in acquiring or disclosing

% Finding no evidence that the security provisions in the New York statute and regulations were not being
followed, the Court concluded that requiring the disclosure of prescription information “to the
representatives of the State having responsibility for the health of the community, does not automatically
amount to an impermissible invasion of privacy.” Ibid., 429 U.S. at 602—604, 97 S. Ct. at 877-878.

0 See, e.g., Doe v. Southeastern Pennsylvania Transp. Auth., 72 F. 3d 1133, 1137-1138 (3rd Cir. 1995)
(medical records); Doe v. City of New York, 15 F.3d 264, 267-270 (2d Cir. 1994) (HIV status). But see
Am. Fed’n of Gov't Employees v. Dep’t of Hous. & Urban Dev., 326 U.S. App. D.C. 185, 190-192, 118
F.3d 786, 791-793 (D.C. Cir. 1997) (dictum) (doubting “the existence of a constitutional right of privacy in
the nondisclosure of personal information” ). See also Kallstrom v. City of Columbus, 136 F.3d 1055,
1060-1062 and n.1 (6th Cir. 1998) (holding that there is an informational privacy right only when the
individual privacy interest is of “constitutional dimension,” i.e., “it implicate[s] a fundamental liberty
interest”).

172 F. 3d 1133 (3rd Cir. 1995).

2 |bid., 1135-1137.

3 Ibid., 1137-1143.

74 See, e.g., South Eastern Pennsylvania, 72 F.3d at 1139-1140; Doe v. City of New York, 15 F.3d at 269—
270. Other courts have ruled that the reasons justifying the disclosure must be compelling. See, e.g., Sheets
v. Salt Lake County, 45 F.3d 1383, 1387-1388 (10th Cir. 1995); Walls v. City of Petersburg, 895 F.2d 188,
192-193 (4th Cir. 1990). Cf. DiPalma v. Phelan, 81 N.Y.2d 754, 756, 593 N.Y.S.2d 778, 778-779 (1992)
(holding that a police officer did not violate any clearly established privacy rights of a woman when he
disclosed to a town board that she had been sexually abused by her father, a town employee, when she was
less than eighteen years old; the town had a “legitimate government interest” in assessing the fitness of one
of its employees and courts had not at the time of the disclosure determined that disclosures under such
circumstances would violate privacy rights).



the information at issue.” In a number of cases, the individual’s privacy interests have
prevailed.”

Courts are split on the issue of whether an individual’s right to informational
privacy is implicated when the government acquires information about the individual
from a third party.”” Moreover, while at least two courts have ruled that family members
sometimes have informational privacy interests in one another’s personal information,’®
no court has ruled on what, if any, informational privacy rights a family member may
have in the genetic information of other family members.

Remedies

Individuals whose constitutional rights have been violated by the government can
sue for compensatory and punitive damages, as well as injunctive relief.”® In addition,
successful plaintiffs are entitled to attorneys’ fees.®

New York State Constitutional Law

On a number of occasions, the New York Court of Appeals has interpreted the
New York State Constitution to provide broader protections of individual rights than the
federal constitution.®! These additional protections, which do not apply to the federal

5 Doe v. City of New York, 15 F.3d at 269-270. See, e.g., Nat’'l Treasury Employees Union v. United
States Dept. of the Treasury, 25 F.3d 237, 242—-243 and n.2 (5th Cir. 1994).

6 Doe v. Borough of Barrington, 729 F. Supp. 376 (D.N.J. 1990); Carter v. Broadlawns Medical Center,
667 F. Supp. 1269, 1282 (S.D. lowa 1987) (court barred hospital from disclosing to hospital chaplains
patients’ medical records because the disclosures violated the patients’ rights to informational privacy). See
also Norman-Bloodsaw, 135 F.3d at 1275 (refusing to dismiss complaint that alleged that the government
had improperly acquired health and genetic information by performing blood tests without consent).

7 Compare United States v. Westinghouse Elec. Corp., 638 F.2d 570 (3rd Cir. 1980) (employees’ right to
informational privacy implicated by government subpoena to employer for employees’ medical records)
with Barber v. Winn, 1997 WL 151999, *3 (N.D.N.Y. 1997)(holding that, because the plaintiffs turned over
their financial records to a third party, they had no informational privacy interest in them).

78 See Sheets, 45 F.3d at 1387-1388 (hushand has an informational privacy interest in the portions of his
deceased wife’s diary that contained information about him); Doe v. Borough of Barrington, 729 F. Supp.
at 384-385 (family of person with AIDS, whose disease status had been disclosed publicly by the
government, could sue the government for violation of their privacy rights because “revealing that one’s
family or household member has AIDS causes the entire family to be ostracized”).

742 U.S.C.A. § 1983 (West 1998); Bivens v. Six Unknown Named Agents of the Fed. Bureau of Narcotics,
403 U.S. 388, 394-396, 91 S. Ct. 1999, 2004-2005 (1971). Injunctive relief usually comes in the form of
an order by a court either prohibiting a party from performing an act or ordering a party to perform an act.
See Black’s Law Dictionary (St. Paul, MN: West, 1979), 368. For example, a court might prohibit a state
agency from releasing private information.

80 See 42 U.S.C. § 1988(b) (1994 & Supp. 111 1997).

81 See, e.g., People ex rel. Arcara v. Cloud Books, Inc., 68 N.Y.2d 553, 510 N.Y.S.2d 844 (1986) (holding
that the New York State Constitution’s guarantee of freedom of expression provides greater protection than



government, shield New Yorkers from conduct by representatives of the state government
that would be permissible under the U.S. Constitution.

Article 1, Section XII of the New York State Constitution, which is the state
constitution’s counterpart to the fourth amendment, protects individuals against
unreasonable searches and seizures. The New York Court of Appeals has interpreted
ection XII as providing greater protection against searches and seizures than the fourth
amendment.®2

In the criminal context, the Court of Appeals has held that, absent exigent
circumstances, Article I, Section XII prohibits the government from searching a person’s
body for biological samples without probable cause and a warrant.®® The court has
emphasized that “when the physical evidence whose possession is the raison d’étre for
detaining a person cannot be altered or destroyed, as in the case of the type of blood
integral to one’s body, by definition there can be no exigency to justify exemption from
the warrant standard of probable cause.”® Therefore, because individuals cannot alter or
destroy their DNA, it is reasonable to assume that in the criminal context, Section XII
requires the state government to procure a warrant based on probable cause before it may
obtain biological samples from individuals’ bodies and perform genetic tests on the
samples.

In the civil arena, the Court of Appeals has held that under Section XII, “random
searches conducted by the State without reasonable suspicion are closely scrutinized, and
generally only permitted when the privacy interests implicated are minimal, the
government’s interest is substantial, and safeguards are provided to insure that the
individual’s reasonable expectation of privacy is not subjected to unregulated
discretion.”® Using this test, the Court of Appeals struck down a program that required
all probationary teachers to submit to urinalysis for the presence of drugs.2® However, the
court has upheld programs that required correction officers and police officers in units
specializing in drug interdiction to submit to urinalysis for the presence of drugs.” The

the first amendment to the United States Constitution). See generally E. R. Alexander, “The Right to
Privacy and the New York State Constitution: An Analytical Framework,” Touro Law Review 8 (1992):
725.

8 See, e.g., People v. Scott, 79 N.Y.2d 474, 496-497, 583 N.Y.S.2d 920, 933935 (1992); People v.
Alvarez, 70 N.Y.2d 375, 378, 521 N.Y.S.2d 212, 213 (1987).

8 See Matter of Abe A., 56 N.Y.2d 288, 295296, 425 N.Y.S.2d 6, 10 (1982).

8 1bid. In addition to Section XII, the Court of Appeals also cited the fourth amendment as support for its
conclusion.

8 Matter of Patchogue-Medford Congress of Teachers v. Bd. of Educ., 70 N.Y.2d 57, 70, 517 N.Y.S.2d
456, 462 (1987). Accord Matter of Delaraba v. Nassau County Police Dept., 83 N.Y.2d 367, 370-371,
610 N.Y.S.2d 928, 929-930 (1994).

8 See Patchogue-Medford, 70 N.Y.2d 57, 517 N.Y.S.2d 456.

87 See Matter of Delaraba v. Nassau County Police Dept., 83 N.Y.2d at 370-371, 610 N.Y.S.2d at 929—
930 (police officers in drug interdiction units); Matter of Caruso v. Ward, 72 N.Y.2d 432, 442 N.Y.S.2d
142 (1988) (same); Matter of Seelig v. Koehler, 76 N.Y.2d 87, 556 N.Y.S.2d 832 (1990) (correction
officers), cert. denied, 498 U.S. 847, 111 S